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ABSTBACT — 

The following eleaentary sathesatics curriculne 
detelopeent projects are described in this reports Hadison Project, 
Arithsetic Project for Teachers, Buffield Project, Indifidually 
Prescribed Instruction - Hathesatics (IPX) , IndiYidualized 
Nathesatics Systee (IBS), Patterns in Arithsetic (PIA), Minnesota 
Hatheeatlcs and Science Teaching Project (Binnesast), Unified Science 
and Hathesatics for Blesentary Schools (08HBS) , and Developing 
Hathesatical Processes (DHP) . A set f orsat is followed for each 
report to sake for easier cosparisons of progress. A brief one-page 
sussary of basic inforsation is given at the start of each project 
report. It Includes such itess as developer nases, publishers, dates, 
forsat, content, uniqueness, uses, length, target audience, and aids 
for teachers. The first sajor section. Goals and Rationale, 
spotlights theoretical considerations. The next section discusses 
content, while the third part is devoted to classroou action, seaning 
the type of interaction between teacher and students and asong 
students. The fourth section, Isplesentation, gives details about 
what a school systes need provide in order to use the progras and 
includes costs. The Progras Developsent and Evaluation section 
includes consents fros independent observers as well as fros the 
developers. (LS) 
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INTRODUCTION 



The curriculum development projects in elementary mathematics that 
are described in this book are part of the government-financed educa- 
tional reform movement which began in the United States in the 1950 s 
and continues today. The reform began with attempts to modernize cur- 
riculum (particularly to make early schooling a better preparation for 
later academic studies): to inject new knowledge into timeworn texts 
and dated pedagogies, later the reform movement assumed an overriding 
concern for the problems of teaching children of wide-ranging achieve- 
ment levels in desegregated classrooms. 

Eight of the reports in this book analyze terican curricula 
developed under fundinc, from the Office of Educatjon, the National 
Institute of Education, or the National Science Foundation. The ninth 
report describes the concurrent reform of the mathematics curriculum In 
the United Kingdom, undertaken by the Nuffield Foundation and the 
National Schools Council. 

All of the projects described here were influenced by the experi- 
ence of the early curriculum reform known as "the new math. That re- 
form was an attempt to broaden end deepen children's understanding of 
mathematics beyond rote arithmetic. Curriculum developers believed 
that if children were having trouble with arithmetic it was because they 
didn't understand what they were doing when they performed algorithms 
for addition, subtraction, multiplication, and division. The new math 
wiS intended to give children the concepts which mathematicians identi- 
fied as underlyirn arithmenc operations. The mathentaticians developers 
also intended tha^ even gr. de-school children should master and appreci- 
ate mathematics as & mode of thought and as a foundation for later 
intellectual endeavor rather tha'i just as a set of tools for workaday 
computation. 

The first injection o." the new math into elementary classrooms 
revealed that its desigm^r^ gsnordliy overestimated both children's and 
teachers' capaci cv to under -itard abstract math concepts. The programs 
that followed the first mjfr reforms-among them some of the programs 
reported here-U'us attempted to correct the aPPjr^^^^^^^il^^s of the 
new math: by returning to more conventional arithmetic, by rethinking 
the manner and sequence in which the newer and more powerfu concepts 
were presented to cMldren, or by couching arithmetic learning In terms 
that V'iouid seam more nar.ural and relevant to ch-ildren. 
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The Prerequisite Problem: P repari ng Teachfirs 

However, the most immediate drawback of t.hs new math was its dif- 
ficulty for teacher^; themselves. If teaohera couldn't grasp it and 
didn't accept its benefits, how could they teach it to kidi? Thus the 
issue of teacher preparation for teaching nev^ curricula was the single 
most critical probierr, addv -ssed by the nine curriculum project? reported 
here. The projects attempted solutions that range from updating and 
deepening the mathematical education of teachers themselves by means of 
inservice instruction, to reducing the influence of tre teacher in the 
instructional process and placing main reliance on the curriculum 
materials— making them "self-instructional" for pupils. 

These same two solutions— improving the teacner or bypassing tne 
teacher--are the major alternatives that have been tried as answers to 
the problem of individualizint) instruction witriin racially and culturally 
mixed classrooms. Thus the strategy of individualizing by means of a 
prepackaged, didgnostic-prescriptive system is a hallmark of some of the 
curricula described here; others seek to individualize by giving the 
teacher the responsibility to asses-, individual learning levels as well 
as the flexibility to provide more diverse learning materials and activi- 
ties in the classroom. 

I mplementation a nd Result^s 

As all of these programs were part of the research and development 
movement in public education, their developers shared a confidence in 
the importance of applying research findings and new knowleogo to the 
practical p^-oblems of cUosroom instruction, and of testing "ew cur- 
riculum products scientifically and revising them according to tield- 
test findings bcv^orti release to the public. As it has gained experience, 
the R&D movement has learned that its instruments for evaiuating--that 
is certi-''yinq-"it5 products nave not been as scientific as had been 
beii^ved Developers' evaluation »'esuU.> are of-.on confusing, or ambig- 
uougI or based on such small or select :-;:tmplc:S that they are not con- 
vincing. Furthermore, the process of introducing a new curriculum to 
teachers end children is a complex, unpredictable encorpnse that affects 
evaluation; in 'jublic school rooms it simply is not possible to control 
all of the many variables chat powerfully affect new curriculum experi- 
ments In brjadest terms, this means that developers, even during field 
testing, have not been abie to assure that their programs are implemented 
in the manner intended, and they certainly cannot control implementation 
after the field- test stage. 

A orobleni of implementation for all nine of these programs (espe- 
cially for those pro.jectinq a more .jpcislve and improvisatory role for 
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the teacher) has been the provision of adequate inservice prepdration. 
By and large, school districts adopting any of these new programs have 
not provided the length or depth of teacher preparation and ongoing 
assistance developers had planned. In most cases, more teacher prepara- 
tion has been needed, not less, if an ordinary classroom teacher is to 
1) approach the degree of competence in math that was possessed by the 
developers and by teachers who trial-tested the new lessons, or 2) 
manage the diverse array of materials introduced by the new programs. 

A related but subtler aspect of the implementation evaluation prob- 
lem derives from the emphasis program developers have placed on teaching 
children to tH>ik, Defining "thinking" as a whole series or clusters of 
interrelated intellectual processes, or as problem solving, developers 
of almost all t!ie projects described in this book have trie(^ to design 
lessons and to sequence them so that deeper thinking processes— not 
just computation operations— would be stimulated in children. A signif- 
icant aspect of most of the programs described in this book is the 
'Kannei- in Which the curriculum content and teaching strategy stimulate 
cognitive development or provide experiences in problem solving. There 
is wide variation in the thinking styles of project developers, so that, 
though they all may agree on the common goal of teaching children to 
think, they go about it In very different ways. Some programs call for 
preconceived, ordered, spell ed-out lessons, strongly directed by the 
teacher. Others believe students should be led to make choices, explore, 
improvise, make mistakes, and learn from them. A teacher's understanding 
of and agreement with the developer's point of view about children's 
thinking probably strongly influences her implenifintation of the program, 
but this is not a factor that is taken into account in most program 
evaluations. 

These and many other problems of implementation mean that program 
evaluators rarely are able to study truly comparable groups of children, 
taught by t^uly comparable teachers, in truly comparablij settings. The 
result is that there is cs yet little convincing evidence about whether 
children studying a new curriculum learn math better or faster than 
similar children studying -.^ther programs. 

Use s For The se Reports 

This iS not the book, then, in which the school superintendent, the 
mathematics curriculum specialist, or the classroom teacher can find a 
qovernment-certified, guaranteed, foolproof elementary mathematics pro- 
gram >chool people still must base program selections upon their own 
educational goals for children, their own assessment of their children s 
needs in math, their district's resources, and their beliefs about how 
children and t^-wjhjvs learn. 
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The writers hope that these reports--saiiipled from time to time, not 
read all in a luinp--will sharpen such judgments. Teachers, curriculum 
coordinators, principal s— their heads full of kid? and classrooms and 
lessons that do and don't work— should critique and adapt the work of 
university scholars and educational technologists. One way to begin is 
to bore in on existing programs' goals, rationale, knowledge content, 
and teaching strategy, searching for the heart of a curriculum under- 
neath the words in promotional brochures anu the appealing design and 
packaging of texts and apparotus. la thp. yy>ojvar-i'G tmchiyi/j atrategy 
jo>'.i:.iste--J:- -.'itk 'te gouU)'.' Ave its o.h.ila ou^ {JO'-jIs? Can oui' teaohevs 
do this r/V0ijva;\'.^ ^•'J-j-} ' '"-G^ijV */>iit li^ ip ■jill thriy 'tc^tva';' Can ue ,zffcvd 
it'. Who else ht^; ti'\d it? Whiv evidcn<i^ l<i ;;lK:ve that it Oorke? The 
section headings of these reports, generating such questions, night 
serve as age-ida items in framing one's own local program, tailored to 
one's own goals and resources. If classroom teachers play an influ- 
ential role in it, such a process may well result in adoption and 
adaptation of several cun-iculum programs within a school or a district: 
acknowledgment of many teachers' experienced-based belief that no one 
program works with all kids. 

The format of these reports vas designed to make comparisons among 
programs easy for the reader. Thus the first section of each report, 
:2rul Rati-jru.'.-^t is intended to spotlight theoretical iimilarities 
ind differences 'imonfj programs. In these sections one observes two 
major, apparently contradictory curriculum theories: that of the 
cognitive-deveiopnuintal lecirning theorists influenced by Dewey and 
Piaget and that of the behaviorists influenced by Skinner. From the 
second section, the reader ran discern which of the programs 

have a priority for introducing new elementary mathematics topiaot and 
which are committed to tht basic arithmetic curriculum with some updating. 
One can also select out programs that have similar content (like the 
Madison Projec'; and the Arithmetic Project or IPI and IMS), and then 
compare their other aspects. 

The third section, »intitled .''-.^ct ?>; , fn'ghlights the style 

of interactions ue-.w^on teacher and :>tudents and among students. Imple- 
ravHtu'..ioni the fourth section in ail ttie reports., provides detail about 
what a school district nesJs to provide in order to use the program. 
Here one can compare classroom organization requiremen* various forms 
of inservice (Do you teach teachers more mathematics and learning theory 
or do you teach Lhem how to apply a prepackaged program?), and costs. 
In the fifth section, rro'jiwn DevelopmcK*: and EmUatiorit are short 
sketches of the hisl.ory of development and the manner and results of 
the developer's evdluacion, as well as comments from Independent obser- 
vers. Ji-rmr'-v sections, at the beg.inning jf each report provide thumb- 
nail descriptions of tha programs and basic information about content, 
style, rind avai iaoi 11 ty. 
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Curriculum Projects and Related Trends 

Aside from their use in the process of anal>sis and d*" vision nwiking, 
the reports can be read also as casa studies or ihe process of curriculum 
development, an educational ert cwi science still in its infancy. As a 
group of case studies, the book is a representative rather than a compre- 
hensive collection of recent elementary math curriculum developments. 
Several other developments are of equal interest, CSMP ^Coinprehensive 
School Mathematics Program) being developed at cr.MRB., St. Louis, pursues 
the problem of designing a complete and completely new K-6 curriculum, 
including student materials and teacher preparation. Project One at the 
education Development Center, Newton, Massachusetts, is seeking to com- 
bine television and naturalistic math experiences in urb^n classrooms. 
Project PLATO at the University of Illinois Curriculum Laboratory is 
designing topics which can induce children to use computers to learn 
problem-solving skills. A Canadian development* Project Mathematics, 
influenced hy Nuffield, has been translated into a text serses available 
in the U.S. from Winston Press. IPl math -.s being revised, to iHwOrporate 
manipulative materials, at the University of Pittsburgh s Learning 
Research and Development Center. 

As these more recent R&D projects have iearnsd from the earlier 
generation of orojects reported in this book, so have the commercial 
textbook publi'shers. Careful analysis of publishers' new series shows 
the influence of Nuffield and Madison, of behavioral objectives, ana of 
the R&O programs such as Minnemast that combine science and math. 

'jeveral of the projects described in this book respond to demands of 
stronger guarantees about the performance of the teacher; deveopers 
have structured the lessons around behavioral objectives chat clearly 
state what w^ll constitute a child's and a teacher's competency at every 
level of instruction. These schedules of competency statements are com- 
patible with the influential trend, in colleges ana universities, toward 
roinpetency-basod teacher education programs. J/i these programs, a list 
of behavioral! v-r.t-ated competencies in classroom riianageTtent and in 
teaching in several curriculum areas rather than a series of courses 
constitutes criteria for graduation. Some states are beginning to 
require oeriodic re-certification of practicing teachers on the basis 
0? si-r^ar competency lists. The renorts of )PI, IMS, DMP. and P A 
included here presage and complement the competency-based approach to 
teacher education. 

Those 'projects aoiong these nine that have pieced priority on re- 
educat nq tciac ers in mathematics by means of their own workshop-sty e 
fearni g! have also had an impact on preservice ^'^^j ^""7 "J^^"' 
Math lab active-learning inservicP programs have evolved Jnto a new 
institut on for the contin-j.nq education of teachers-the teachers 
i^nter In these informal learn^.g centers streissing voluntary attendance. 



teachers are encouraged to participate as actively and concretely as 
their students, to self-assess and self-prescribe their needs for con- 
tinuing education, and to request, design, and even teach the courses 
presented in the center. In well-established centers some teachers 
have gained enough expertise and confidence to design their own lessons 
and materials. As this kind of work on the part of teachers takes root 
in widely distant and differing settings, and teachers' home-made cur- 
riculum products are exchanged and adapted, the Idea of the teacher as 
curriculum developer attains practicality and promise. 
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THE MADISON PROJECT 



INTRODUCTION 
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1 boyan vhe ye-JU' W\ch u Lui'je cable at the vear of the 
rojri set' up u€ exp'LomtOi'j ar^ea in "^nathanaticB . . . . 
Wijighiny and balancing Was on instant hit^ gveutly in 
demand. I ytoiioed that ever, a*? ahiUh-en went by the 
table^ th^y wouU quicklij haUv^ce, a pencil against a 
handful of beanSj a contuinev of milk against the metal 
Washers. . • . After* seVi:;pal rttonths of this ao fi^ee 
play (Ditk oocasio^ial questions from rm when I came by) 
I added task oa^de which asked^ ^^How many laarns balance 
one button?" urJ so fopzh. . • • 

This is the start of a report by Patricia Post, a third-g^ade 
teacher at P,S. 29, New York City, on her first four months of teaching 
Madison math. Looking back in January on ';hat had happened since the 
Madison rro^e^^t inservice workshop she had tsken during two ful J weeks 
of August, Pat assessed what she had learned about Madison activities* 
herself, and her 29 students. 

The gr*t;ati^st cfiapes have be3n made of. five geohoardal 
After ueeke of ih^jvp availability for fv^e play, I 
produced ao^' pjper* Instant success: hundreds of shapes 
recorded. ... / 'lave been working in groups of 11 to 
ILy fAlowi-rig the tus^k cax^ds accompanying the geoboards^ . 
. . S.yrie of rV; loys in my olass who most resist reading, 
who jontribuve little conversatioyiully^ have the most acute 
noncnents about sruii'^s on the geobazrd. It seems they are 
quits willing to discuss (this) because the material is 
30 interp.sti>yg to tn^m. . . * 

This class had scored between the fourth and eleventh percentile 
in arithmetic and reading in New York City achievement tests at the 
start of the school yedr. All of these third graders came from homes 
where Spanish was spoken. Tfiey had not spoken English until they 
started school. 

I began njiyig boxes of very small split peas and dried 
bahy lima-S:, assigning fairly large t*.^^place numbers to 
be added atul suh:;r'aoted* As I hoped^ the children 'leai'ied 
of the tiny mat'^rlalo and ioanted to do something to make 
their a::u^.-;iKg easier and faster. Various ideas were 
forthcoming: paste so^np. together to make hunahes^ wrap 
the^n in paper j.^A put I'ubb^r hands ^xround them, *znd so 
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forth. Sinae the ouaUodian waa gaaing at me froatiUjj 
I ppoduoed a large box of tongue deTpreeaora and auggeaved 
paatina 10 kidney bcana on each depi^eaaor. ... 4 large 
pretzJl box bcaaine. th^ Bank and email peaa were traded in 
for tsns. Our adding and aubtraating moved more rapidlu, 
and. I aaw undcratanding of place value aooner than in 
"bettor" olaasea of other year a. 

Pat had also taken a Madison Project course given as inservice the 
previous school year. Teachers had learned and practiced lessons which 
combined arithmetic with basic ideas of algebra and geometry. 

I }iave tried to follow the (abatraat) leaeona as lecamed 
in the inaervioe oouree. Began with PebbUa in the Bag, 
diaaovered linguiatia oonfuaion about "more" and "leaa/[ 
have continued with thia game intermittently, . . . Do^ng 
nwvoer line work, leading to diacovery of negative number a, 
they first called them "behind zero on&a, " Or,e of my ^ 
ordinarily unintereated boya began calling them "negatvye 
one, " "negative two, " and ao forth, after my uaa of thva 
term for PebbUa in the Bag anawera. . . . 

Thia is the beginning of my fourth year of teaching, Uaing 
the math workahop approach and Madiaon Project ideaa 1 
am having eo much fun thij year that I can't believe it. 
My claaa ia third or fourth (in auppoaed abiUty) out 
of five third gradea (in the achool). But they and I 
don't know iti 

Patricia Post illustrates the Madison Project's aim of improving 
mathematics instruction by educating teachers rather than by producing 
new texts or work materials for students. The project director. Roben 
B Davis, says they do this because they believe students don't learn 
textbooks; rather they learn the things that are valued in the culture 
rhey'?rin. that studen-.s will learn niathematics f they 

can be in a classroom culture where mathematical things and thinking 
are part of the action. 
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PiKKjram yicone: The Madison Project 

Fomat: Conections of lessons on modern math topics and active-learning 
or math lab approach, disseminated by inservice courses. 

Uniqueneus: Topics integrating algebra and analytic geometry with 
arithmetic. Dissemination by inservice training rather than texts. 
Teaching style stressing "discovery" experiences and concrete 
materials. 

Content: Number and algebra (signed numbers, Cartesian coordinates, 
variables, bases other than 10, functions), measureinent, geometry, 
logic. 

Sugijooted. uae: Enrichment to the basic arithmetic curriculum. 

Target auJioncje: Students of all abilities, primary through junior high. 

Length of use: Teacher's discretion. 

Aida fov teaahers: Films of fully worked-out lessons being taught in 
classrooms. Student's kit and teacher's startup kit of manipulative 
materials. Inservice training courses, "live" or packaged. 

Date of pul'tiaation: 1964 through 1972. 

Dipeator/Develcpf^r: Robert B. Davis directed The Madison Project when he 
was a Syracuse University professor. He is now director of the 
University of Illinois Curriculum Laboratory, 1210 W. Springfield, 
Urbana, 111. 61801. 

Distvihutor: The film series for teachers, A Compete Approaah to 
Intvoduc'tory Ideas in Mathemritias, is from Houghton Mifflin. The 
teacher's startup kit of math workshop materials {Maths Minilab) 
''omes from Selective Educational Equipment, Inc., 3 Bridge St., 
Newton, Mass. 02195; student's ^^hoebooi Kita from H&M Associates, 
Box 1107, Danbury, Conn. 06810; Davis' teacher texts Diaaovery 
in Mathematic^i and Es:pU-rationti in Mathematije are from Addison- 
Wesley. Madison Project teacher's manuals, films, and aeveloper- 
conducted workshops are available from the Madison Project, 
Curriculum Laboratory, University of Illinois, Urbana, 111. 
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1 . GOALS AND RATIONALE 

1.1 goals 

The seed of the Madison Project was Syracuse University professors'^ 
experience teaching in public i.chooi classrooms in order to improve their 
math courses for prospective teachers. As the project grew ^cito the 
development of a series cf teaching episodes in modern math to^^ics, its 
bent was always to improve teachers rather than to design products. The 
tpaclier was seen as the most powc^rful influence for inti oducing new math- 
ematics topics and for changing the setting and style which children 
learn. 

The project conceived of mathematics as a prooess ^or understanding 
and organizing experience rather than as a ifolle-jtion ot knowledge and 
procedures. Thus it called for a classroom in which the student can 
have real -life rather than textbook experiences and can use his in?.ights 
about these experiences, with the teacher's leadership , to formulate 
and organize mathematical ideas. Since so fev/ American schools provide 
such settings for students, and so few teachers nave mastered a style 
which fosters the student's indepenJonce but does not leave him entirely 
on his own, an essential goal of the Madison Project was to give school 
people examples of new ways and to help thom chan'je if they wished. 

The project also intended to contribute to a general broadening of 
the traditione.1 school curriculum, which has of fered only arbitrary, 
''narrow slices" of knowledge, in the view of Madison Project director 
Robert B. Oavis. Mathematics education ougnt to teach children to 
"learn how to learn," not just how to compute. Odvis predicted the 
automation of arithmetic by low-oost calculating machines. He main- 
tained that today so much knowledge is produced so fast that the average 
mind can't take it all in, so remembering will be i less important 
skill for people than investigative methods of thought. 



"new" 



At the start the project shared with "new' physics, "new" grammar, 
new social studies, et at. the goal of revealing the structure of a 
discipline ind methods for obtaining "interpretive knowledge rather 
than facts, sj that eventually ordinary citizens would be sb e to ^ 
understand better and share in decisions of our technological society. 

The Madison Project also v.'anted to prepare all In'nds of students, 



not just the college-prone, for 
later schooling. 



all kinds of mathematical tasks in 



There are three kinds of mathematics; cowovj/;.:;, oan- 
^u^.a-^'onaly and qenrrpalizaUor., All three must be 
taught at all levels. ... In this wjy. hopefully, 
all learners can learn not only how to solve it out 



ERIC 



11 



ohy it works. . . . Those who are matheniatical have 
always been and w^ll continue to be able to build their 
own bridges of understanding. . . . Methods for 
teaching the others--the average or the slow— require 
the use of manipulative materials. The children need 
to see for themselves and do it over and over before 
they can internalize any working concept.! 

In his 1967 teacher text, Exy^loi'ations in Mathemtias, Davis offered 
this list of specific cognitive objectives for mathematical growth in an 
individual student over the years: 

1. Develop ability to discover patterns in abstract situations. 

2. Develop independent exploratory behavior that goes beyond 
anything the teacher suggested ... and sees open-ended 
possibilities where others would see only the assigned task. 

3. Master important techniques. 

4. Know basic mathematical facts; for example, the fact that 
-1 X -1 = +1. 

5. Acquire a set of mental symbols which he can manipulate 
in order to try cut mathematical ideas; for instance, the 
above notation for negative and positive numbers. 

6. See math in daily life and in a natural relation to other 
school subjects. 

7. Learn the really fundamental mathematical ideas; such as 
variable, function, graph, matrix, isomorphism, and so on, 
early enough in life so that they can serve as the founda- 
tion for subsequent learning. This includes using some of 
these ideas as "systematic apparatus" for doing arithmetic 
computation. 

Davis also spelled out attii-^Ades which the project aimed to Impart 
to teachers and students: 

1. Belief that inathematics is discoverable, not given; and 

discoi'i'.vahle by me. 

2. Ability to assess his own ability honestly. 

3. Valuing of abstract rational analysis. 

4. Valuing of the 5;h«"ewd guess. 

5. Feeling that mth is fun, challenging, and rewarding. 
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1.2 Rationale 



Mathematics Is not the destination. It's the trip. The single 
proposition on which the Madison Project rests is that math is ruyt 
"a collection of facts, definitions, algoHthms, or explicit proce.iures 
which mathematiciins in the past have already arrived at." All of these 
will be used in doing math, Davis wrote, but the doing itself is the 
important thing, not its "result," or "the ansv/er." 

The theory is sometimes explicitly stated either 
that si'-idents lack the abil ity to get beyond "facts" 
or else that, whatever your goals, "you must begin 
with facts." It is the Madison Project's contentio?^ 
that neither of these statement^; is true. Quite the 
contry^y; students aan move beyond "facts" and deal 
with "processes," and many students perform better 
(and enjoy school more) if the school program focuses 
on "reasonable tasks"--that is, on processes- -and 
deals with facts incidentally as they relate to these 
processes. - 

The project-designed lessons and activities stress stories, g.i.mes., 
and toy-like learning materials because of developers' belief that 
children should learn new ideas in a context in which they use the 
ideas as tools to do wa.ital work that is intrinsically interesting to 
them. Such an approach is in conformity with developii.ental learning 
theory influenced by Piaget. Providing concrete, play-like, ''dsvelop- 
mental" activities preceding abstraction and practice of skills, is 
thought not only to improve children's attitude to learning but to 
increase their mastery of skills. 

At least four studies have found that classes spending 
about 75 percent of the mathematics time on "develop- 
mental activitiec" score higher on achievement tests 
related to problem solving, computation, and concepts 
than tnose spending 75 percent of their time on drill- 
related activities' ... The children who f?pent most 
of their time working on developmental activities were 
better in computation than those spending most of their 
time practiciiKj computation. What are the developmental 
activities? . . . discussions of the whys and hows of 
the topic of study; pupil reports and explanations of 
th's.' approaches that have been developed; pupil and 
teacher demonstrations of significant ideas being 
studied; small-group and individual handling, inspecting, 
analyzing and arranging visual and manipulative materials; 
individual or small group exploration to find alternative 
means of finding solutions ro mathematics exercises; 
solving and inventing puzzles and games related to the 
topic of study;, and engaging in laboratory activities 
related to the topic. 3 
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The Madison Project rejected the curriculum development approach 
that sought to construct "hierarchies" or "continuums" of "skills." In 
d conversation with malhematics professors Marilyn Suydam and C. Alan 
Riedesel, Davis explained his reasons for doubting that there is one 
essential body of knowledge all students should learn* or one optimum 
order to learn the parts in: 

(1 have experience) that people can do what they have 
to do when they really want to. Not all university 
professors would agree to my view--some would say, 
"Well, now, we can't teach anything to a kid who 
doesn't know thus and such." Personally, i have 
yet to find that essential "thus and such," tlie real 
sine qua non . . . except that you do have to be 
able to count to get very far in arithmetic. . . . 
Zacharias once said, if you'd allow infinite lists 
of behavioral objectives, maybe you could do it . . . 
(but) very often the most important ones can't be 
stated behaviorally. . . . 

A lot of math lab objectives are experience objectives. 
The (class) should have this luiny experiences with the 
geoboard; now, one student learns area, somebody else 
learns the triangular shape, and somebody else just 
played with it, but maybe the next time he'll get 
some insight. Now that begins to make some honest 
sense. 4 

Thus the Madison Project placed little emphasis on sequencing lessons 
or testing for mastery. 

2. CONTENT AND MATERIALS 



2.1 Content Focus 

Robert B. Davis thinks of Madison math topics as "yeasty" additives 
to the arithmetic curriculum, claiming their small injection of newness 
can produce big changes in the traditional program. At the start of 
the project ths "yeast" was compounded of modern math subject matter- 
topics combining arithriot-U't axiomatic algehva^ and coovdinatt^ gecmetry" 
plus the discovery method— the teacher leading the whole class to 
develop mathematical ideas from stories, games, and board work. Later 
the project added an active-learnirg or math lab approach, in which 
children get their first introduction to mathematical concepts by 
experimenting with concretj objects and apparatus. Algebra and geometry 
are meant to give the student more various and powerful mental tools 
with which to do arithmetic. 
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Some who have heard that we must make arithmetic 
;m-wiy.i:'ut cannot understand why children exposed to 
the ab&tvaat natheinatics of the Madison Project take 
to it with such evident enthusiasm. The answer may 
be quite simple. The children do think more cre- 
atively when the ideas are .neanir^fui, but the meanings, 
do not have to be concrete! If we are careful the 
child can enjoy it every bit as much as if it were 
more concrete. ... A derivation is much, more fun 
to fifth graders than a problem on percent markup in 
retailing. ... It is easy and natural for children 
to handle abstractions— it is we adults who worry 
about taxes and double-entry bookkeeping. 5 

Davis maintains that Madison subject matter is essentially conserva- 
tive because it includes accepted basics such as wc^asure-zcn^; and ^co-tetry 
(emphasizing work with coordinates and shapes rather than witr. theorems 
and proofs), or treats newly important areas of matheinatic:> such as, 
logia, probabit i-ty t and en^avistias. 

The Project emphasized ties between math and science; for instance, 
it recommended many of the teaching units and apparatus developed by the 
Elementary Science Study (published by McGraw-Hill;, as well as comoma- 
tions of nature study and Math. 

2 . 2 Content and Organization of the Subdivision s 

There is no one Madison curriculum, but rather .several different 
collections of "informal learning experiences" or lessons. These are 
thought of as versatile supplements to be introduced into nooks and 
crannies" of whatever basic arithmetic progrem the teacher is using. 
These collections are available as films of full length lessons, in 
packaged inservice training courses, and through school J'lStrict- 
sponsored inservice workshops for teachers. They are: 

1. Primary coursp* for preschool through grade 2, emphasising 
counting. 

2. Course of discovery exercises unifying arithmetic with 
algebra, geometry, and physical science, wh^'ch can be 
used between nradfjs 2 and 8. or for older students, 
depending on tne school. 

3 Discovery course above plus active-learning lessons 
stressing manipulative matarials, small-group work, and 
individualized instruction. This grouping of supplementary 
lessons became the main thrust of the Madison Project. 

4. Ninth grade course for college capable students. 



15 



Following is list of topics which have been developed into the lessons 
which comprise the various collections: 

Counting experiences with counters and with graphs 
Variables 

Open sentences and truth sets 

Signed numbers (positive and negative numbers, integers) 
Coordinate geometry (Cartesian): truth sets and linear graphs 
Place value numerals using counters 

Using tne number line for solving equations, practice with 

fractions, concept of identity 
Arithmetic with signed numbers 

Practicing variables, open sentences, and signed numbers by 

means cf quadratic equations 
Mathematical logic: truth tables and inference schemes, 

many-valued logics, two-valued logic 
Functions 

Mapping or transformations 
Matrices 

Arithmetic with Dienes multibase arithmetic blocks 
A^-ithnietic with Cuisenaire rods 
Geometry with geoboards, mirrors, concrete materials 
Measurement: length, height, volume, area 
Empirical statistics: average and variance 
Measurement and arithmetic from maps and timetables 

This list should be thought of as representative rather than all- 
encompassing, for the major means of dissanination of Madison "learning 
experisfices" is the inservice v/orkshop, and no two workshops cover 
exactly the same topic*.. Nor are all Madison-recommended topics the 
original work of M?dison staff. They recommend units, apparatus, and 
exercises developed by other educators and curriculum developers, as well 
as new idtas worked out by students themselves, always giving credit 
to the originators. Mad icon Project content thus includes ideas and 
apparatur. developed by England's Nuffield Project, the Elementary Science 
Study, the School Mathematics Study Group, the University of Illinois 
Center for School Mathematics and its Arithmetic Project, Caleb Gattegno, 
Zoltan Di ep.es, Burt Kaufman, Robert Wirtz, and many others. 

Madison Project inatGrials compare with other mathematics curricula 
about Lhe same way a cookbook compares with a line of TV dinners. 
Madison '-.ets forth a distin.:tive approach to teachlrg plus selected, 
"kitchen teslad" rtcipes but places the responsibility for the finished 
"dish" on the teacher. By contrast, other curricula provide lessons 
ready-made a;:.a packaged and ask the teacher only to "heat and serve." 

If Mauison inrtteriaU are like a cookbook, the project itself is 
rather like a rooking jchuol , intent on the gradual introduction of a 
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whole new mathematics cuvsine into American schools. At the start the 
teacher may learn to prepare and then serve to her students just one or 
two new Madison recipes. As she gains experience she tries out more and 
more new recipes, adds thsm to her basic entrees, and gradually transforms 
the mathematics bill of fare. The content of Madison math and the way it 
is organized are expected to be different in every class. 

Sequencing . A reconmiended sequencing of the signed numbers, algebra, 
and Cartesian geometry topics is found in Inaei'Vice Cmu^e^ I and in 
Die^'ovevj in Mathcnaticis and Explorations in Mathmatiat^j the teacher 
texts written by Davis. ATI Madison teaching— of teachers as well as 
of children--is characterii'ed by spiral sequencing of topics, which 
Davis calls "the light touch." 

A subject is not pursued too heavily within a single 
session, but recirs from time to time and in various 
guises, until it becomes familiar. . . . Thus we get 
a sequence: very rough ideas, rough ideas, moderately 
refined ideas, more minutely detailed Ideas. ... We 
advocate a sequence wherein the child first gets experi- 
ence, then (as a result) develops intuitive ideas, and 
finally strives for explicit words and symbols to de- 
scribe his experience. 6 

This sequence is ordinarily spread over several encounters with a 
topic such as Cartesian coordinates. The teacher first chooses a topic 
that is in keeping with the basic arithmetic text and the students' 
abilities and interests. Having introduced it in an ooening learning 
experience, she will return to it from time to time and introduce new 
activities which review and extend the topic. Or she may decide to put 
a topic aside for a time, finding that children don't grasp the concept. 

Davis assumes that any good teacher will learn how to seauence. 
This won't be perfect but it will be no worse, Davis believes, than the 
mistakes that are made when tightly structured, graded textbooks are 
applied across the board. 

?. . 3 Materials Provid ed 

Student . All of the Madison Project materials are designed for 
the teacher to adapt to the needs of students. Robert Davis' Shoebox 
Kits are a set of six different apparatus and games, each with task 
cards which the teacher can use to make work projects for individual 
students or small groups. The apparatus are disks, geoboards, centi- 
meter blocks, weights and springs, the peg game, and the tower puzzle. 
Don Cohen's Matkj Ki-mtab is a starter set of manipulative materials for 
a teacher at the intermediate grade level. It can furnish a variety 
of math projects for individuals or small groups and also serve as a 
model of materials the teacher should gather or make in quantity. 
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Following are some of the things the riiniuib contains: beans, clay, 
rubber bands, Cuisenaire rods, color cubes, base-3 blocks, geoboard, 
plastic mirror, ruler, tape measure, pattern for a homemade slide rule, 
compass, protractor, map, map measurer, railroad timetable. This kit 
also provides task cards, stating open-ended problems for students, 
and a guide for teachers, which cues the task cards and the apparatus 
to math topics in the basic curriculum. 

Add i son-Wesley's uiaoovery and Fxplomtione Student Discussion 
Guides, accompanying the teacher texts mentioned above, are designed 
to be used during whole-class or small -group lessons led by the teacher. 
These books contain discussions, stories, games, and exercises on topics 
interrelating arithmetic, algebra, and geometry. The student paqes are 
reproduced in the teacher texts. 

Teacher. The Disc^overy and Explorations books and Cohen's Itujuiry 
in -Aathmatiae Via the Geo-board (Walker, New York, 1967) are Madison 
Project textbooks for teachers. However, inservice workshops sponsored 
by school districts, colleges, and/or the National Science Foundation 
have been the major means for spreading Madison Project curriculum inno- 
vations. Such workshops are taught by teachers who have used Madison 
methods. 

In the absence of experienced Madison Project teachers to lead 
workshops, there are available 2 kinds of filmed inservice courses. 
The first Is Houghton-Mifflin's The Madison Project Films ^ a 12-film 
series subtitled "A Concrete Approach to Introductory Ideas in 
Mathematics." These 16mm black and white films, lasting from 5 to 
15 minutes each, show classroom teaching in primary grades, in which 
washers, beans ticks, number lines, geoboards and other simple manipula- 
tive objects are used to convey concepts in place value, addition, sub- 
traction, multiplication, division, fractions, and ar^a. The teacher's 
handbook accompanying the film series provides Robert Davis' commentary 
on the Madison Project approach in general and the filmed lessons in 
particular. 

Another packaged, film-based inservice course on the Madison Project 
is that produced by the project staff; Supplementally Modern Mathematics* 
It is also a series of 16mm black and white films showing classroom 
lessons, with a teacher's workbook providing commentary on the lessons 
shown, plus discussions and exercises for the teachers themselves. The 
topics developed in this film series are in algebra, Cartesian geometry, 
signed numbers, and fractions. A group of as many as 30 teachers can 
manage this course by itself with the help of a discussion leader who 
has participated in a Madison Project workshop. The course requires 
from 10 to 15 1 or 2-hour sessions. There is also an advanced 
course, Supplementary Modern Mathenatias II. They are available from 
the Curriculum Laboratory, University of Illinois. 
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These packaged courses should be used only by teachers who accept 
the Madison Project's basic approach of informal, discovery-style 
teaching, and who will invest effort to teach themselves. 

The films which are used in the inservice courses are excerpts from 
the videotapes of more than 60 complete classroom lessons made by the Madison 
Project in the early 1960's. The uncut films also are available from 
the Curriculum Laboratory at Illinois. Many of these lessons arc also 
available as tape recordings. 

2.4 Materials Not Provided 

The teacher is responsible for gathering the concrete objects, 
counters, and math apparatus sh-i will need. As mentioned above, the 
•hthe :Hrulah kit provides a model of what to gather for intermediate 
grades. Besides duplicating what* s in the kit (if she wants to use 
activities for many students or a whole class at once), the teacher 
must add graph paper, construction paper, timers, toothpicks, milk 
cartons, a math balance, beans, dice, games, and much, mucii more. 

Children need to experience a richness of things, not only to 
use in their work, but also to help them learn to sort out that which 
is pertinent from the mass, Cohen says. He urges teachers to furnish 
their classroopis with interesting and provocative "junk," ami t.c 
v/elcome children's additions of whatever they find fascinating. (But 
not to treat it as junk; rather to store it in an orderly way so that 
it is attractive and accessible to students.) Such materials should 
be varied in composition, surfacf., finish, color, thickness, so that 
they raise questions "of observation, of structure, and of feel." 

These are not immediately watfi^iaticai questions, 
but if children are to be able to aee thj mth in 
thcii' activities, the pattrA^n and ovdar whiah are 
implioH, they need the experience of "seeing through 
the noise," (that is, the diversity and the distrac- 
tions) to the immediate problem at hand. Something 
which is all metal or all wood . . . paper cutcuts 
which are all one color or all one texture . . . 
tend to restrict a child's observations to a narrow 
field. 7 



3. CLASSROOM ACTIO^i 



3 . 1 Teaching-Learning Strategy 

"Do and then discuss" is a nutshell definition of the Madison 
Project theory of instruction. Project staff believe traditional 
teaching is too verbal. It makes talk about math a focus of attention, 
whereas the project puts the emphasis on "doing something active that 
embodies the relevant mathematics." 
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In tht eyes of some teachers we do not present 
"lessons." What we do instead is to suggest to the 
children one or more inatheincUicil tasks, and then 
work with them, unobtrusively, as they devise their 
own methods for tackling the tasks. (Wo begin with 
tasks rather than with definitions because) we try to 
have the students learn concepts in context. Every 
mathematical concept or technique was dovelopad to 
did in attacking some kind of problem. Whan we tear 
the concept out of this discussion and attempt to 
state it Ducuc, we render tne concept unintel- 
ligible. . . . The concept unfolds naturally (if 
we help ch2 student investigate) the nature of the 
task. 

We try to see that the mathematical tasks possess 
intrinsic motivation: the task itself cries out to 
be done. Examples might be finding a key word in a 
crossword puzzle or finding a long -sought piece in a 
jigsaw puzzle. We make- very little use of extrinsic 
rewards--indeed, some research appears to indicate 
that extrinsic rewards can stand in the way of genuine 
creativity. 

Passive roles, such as listening to a lecture or reading 
exposition, are usually avoided. Tiie "active role," 
however., may refer to mental activity as well as to 
physical activity. The child who leaves class with a 
look of puzzled involvement is playing an active role 
quite as much as the student who Is making a measure- 
ment wiuh a meter stick. 3 



A characteristic Madison technique is to get students* participation 
by asking them to make up the problems. Students name the amounts on 
the checks and bills in Postman Stori«s and the prices of the pets In 
Petshop Stories, both of which are u-sed to teach signed numbers. They 
specify the numbers in the ordered pairs they plot on graphs. 

The Madison Project is a foremost advocate of discovery learning. 
Here is what it means to the orojcct staff: 



In every lesson we try to have opportunities for 
discovery lurking just beneath the surface . . . 
sometimes an essential part of the lesson but often 
going beyond (it). The point here is to get the 
children in the habit of "looking for patterns" 
whenever they are working in science or mathematics; 
the discovery of such patterns is, after all, the 
main d(^vice by which science moves forward. 
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We try to avoid dn authoritarian atmosphere . . . 
(and) provide --.t '^r^u • ^- al:-. pvo^'oduvcBy 
whereby a student can distitijuish true statements 
from false statements huur r^.j-juonj tc th^ 
taajhe:' ' j .v-v':.:. For the very young child, 
the process of counting often serves. Is it true 
that 3+4=7? If the child can count reliably . . . 
he can settle for himself the truth or falsity of 
the statement. 9 

Discovery learning depends on the self-confidence that such self-deciding 
procedures engender in children; it is impeded by children's fear of 
failure. 

Whenever possible, withhold value judgments. Studifnts 
become conservative if they feel they are being judged; 
they become more creative when they feel they are 
being appreciated. 10 

. . . What is important is the creative originality of 
(children's) own thinking in relation to their own 
experience. We have witnessed many original mathematical 
inventions or creations by children . . . The main 
factor was that the teachers veGveatsd the children, 
that they believed in the chH-d's ability to think for 
hijiself . . .^^ 

The project does not gloss over the difficulties of assuring that 
children learn in a nondirective classroom. It acknowledges the danger 
that math activities can be done just for activity's sake, with little 
or no math arising out of them. 

If we leave the children too much on their own, we 
may be failing our responsibility. The class may 
drift aimlessly, or the children may learn far less 
than they might have learned. Yet if we steer too 
much, the children lose initiative. . . . There 
probably is no general answer which applies to all 
teachers and all classes at all times. What we can 
do is to try to observe ourselves and see which error 
we make more often— allowing too much drifting or. 
imposing too much adult interference. We ran avoid 
too much teacher talk and too little child response. . 

. We can also remember (that) children cannot 
choose to do something they have never even heard 
about. We must acquaint them with many attractive 
alternatives if they are to exercise any right of 
selection. 
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The Madison Project materials should not be identified 
with either the "drill it into 'em" point of view, or 
with its apparent negation, the "wait until tney are 
older and ready for harsh abstraction" point of viewJ2 



Whether or not developers' scripts for discovery learning ever get 
played out in the classroom depends almost entirely on the teacher; 
first, how she sees her role v's a v'-s the students, and then how well 
she learns to play it. Students will not play their parts as explorers 
and discoverers if their teacher is being a Rule Giver and Answer 
Certifier, nor if she is simple a buddy saying "do you>^ own thing." The 
discovery-style teacher must be a keen observer, a supportive and stimu- 
lating leader with lots of ideas, and an authoritative resource. 

Lesson format . A pattern offered by the Madison Project to teachers 
to help them develop their discovery technique goes like this: 



1. First begin (if necessary) by recalling those key 
words, experiences, notations, etc., from previous 
lessons that will be crucial In today's lesson. 

2. Second, do something. Have the children actually 
carry out some activity or happening. 

3. Thirdly, as the occasion arises, and as it becomes 
appropriate, discuss what the class has just done. 

Avoid asking children to discuss things they have never 
done. ... A definition is more nearly the place to 
end up rather than the place to start. 

The project would not begin an elementary school class 
on the idea of functions with a definition of "function." 
It would, and does, begin with Warwick Sawyer's procedure 
of having some children make up a rule (such as "whatever 
number yuu teil ine, I'll double it and add seven"), which 
is kept secret but used (to work out a table) such as: 



The children who don't know the secret use the table to 
attempt to guess the rule and even to write an algebraic 
formula to express it, such as: (Ox 2) + 7 = A.13 



3 
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Teachers attempting discovery for the first time may rely mainly on 
the playful but educational qualities of good manipulative materials, 
rather than trying algebraic yaines like the one discussed above. But 
Donald Cohen cautions, "Materials alone will never create for children 
a situation which is rich for learning." The teacher must provide 
equally important ingredients for discovery: 

There must exist a certain amount of order: a place 
to keep materials, a notebook for recording results, 
a time for clean-up, a limited noise level, a sharing 
of responsibility, and an awareness (of what each 
child is learning from each day's task). The whole 
class or part of it s;.ould come together for discus- 
sions, for lectures, for excursions, and for reporting 
to each other; but much of the work should be independent 
and should be performed individually or in small teams. 
Eventually a collection of well developed and illustrated 
writings (related to the working experience) should be 
the joint product of small groups or of whole groups. »^ 

3.2 Typical Lessons 

The Pebbles in the Bag game is a way of introducing the idea of 
signed numbers as early as first or second grade or possibly as late 
as' junior high. The following description of the way to play the game 
and what it's supposed to teach is adapted from the project's Insemce 
Trainina Course I, vvhich 1s designed to be self-taught by a group of 
teachers using instructional notebooks keyed to a series of films which 
show the topics being taught in a classroom: 

We have a bag containing a large number of pebbles. 
We do not know how many pebbles are in the bag at the 
outset. We never use this number. (This is not a 
counting problem.) We have a large number of pebbles 
not- in the bag. We begin the game by having some 
child say "Go!" Ms ostahtirMee out arbityary reference 
point. We have another child put as many stones as he 
likes into the bag, and we write the number on the 
blackboard: let's say it';i tour. We say, "Are thers 
moi'^ Stones in the bag than there were when 'Jack said 
'Go,' or are there less? . . . How irany more?" Another 
child takes two stones out of the ba^i and we write 
that number on the board. We now have on the board: 
4 - 2 "Ara there more stones in the bag now than when 
Jack said 'Go,' or less?" "How many less? How do we 
write this?" We new have on the board: 4 - 2 = +2. 
"How do we this?" "Positive two" is written with 
a small plus sign written above the middle of the line 
so that we will not confuse it with the sign for 
addition. ("Negative three" would be written similarly, 
as -3. It avoids confusion If we use two different 
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symbols and two different words to express two different 
mathematical concepts.) . . . Continue the game with 
a different student choosing either to put pebbles in 
the bag or take some out, specifying how many. Keep a 
record on the board of each transaction with pebbles 
and have the class say whether it results in more or 
less total pebbles--expressed as "positive" or "negative" 
numbers. When a new student says "go" this is a new 
arbitrary reference point and the start of a new game. 

The topic of signed numbers is extremely important as 
one gets into work in algebra and science, and can even 
be important for work in arithmetic. There are many 

possible tie-ins with other school work; for exainple> 
tefiperitures below zero are essentially expressed as 
negative numbers . . .15 

This learning experience is ordinarily followed by drawing pictures 
of or constructing real nwnber* linesj always extending in both directions 
from a point chi1d»^en choose as zero. Then can come introduction of 
crossed numbe-r ::ne3--one horizontal and one vertical— and children naming 
oi'dGt'ed pairs of numbers (for instance, "3, 2") to describe points on a 
graph between the crossed number lines. 

The number line gives us a valuable way to picture 
numbers. From another point of view, it U-ts us use 
numbers to describe points on a line. 

By crossing two number lines, we can use an ordered pair 
of numbers to describe points in the plane. This invalu- 
able device was first thought of by Rene Descartes (1596- 
1650) and is the foundation of much modern work in mathemat- 
ics (what is variously called "Cartesian geometry," or 
"analytic geometry," or "coordinate geometry"). 

• 

The point on this graph is calleci (3, 2). The first 
number in the pair refers to the horizontal number line. 
The second number refers to the vertical. 




We count from the heavy lines (known as "axes"), and we 
count "city blocks" rather than "Intersections. "16 

These topics, which interv/eave with each other, also combine with 
previous learninc) experiences about open eentenaes, mpiahles and u-uth 
peto to nake another topic, graphs for truth nets, or linear equatronc. 

The aim of these experiences is to give students opportunitieb to 
discover patterns in number relationships. Of course, teachers have to 
see these patterns Tor themselves before they can teach them. 

Another typical Madison learning experience uses the timetable of 
any railroad. This activity is taken from task cards in Donald Cohen's 

Maths Minilab. 

Find the distance between two big cities. Check the 
scheduled running time and see if you can figure out 
the train's average speed on that run. Try it for 
another two cities. 

Find the fares between two big cities. How much does 
it cost per mile to go by train? Is the cost per mile 
the same b,etween two other cities? 17 

3.3 Evaluation of Students 

The Madison Project recognizes that if a school requires a teacher 
to guarantee that every child in class shall pass some quite specific ^ 
examination, the teacher probably will resort to rote teaching. ("Don t 
think; just do it exactly like this . . .") Tests thus are seen as "a 
dangerously narrow goal" which the teacher has to approach by a "danger- 
ously narrow path." If the teacher must test, then any standard instru- 
ment will do for arithmetic, tho project director, Robert Davis says. 
What ib tested in this way should be truly a "basic minimal core," not 
including long division. When you jet into "the breadth that converts 
arithmetic into mathematics," you need to evaluate by observing students' 
classroom activity and their graphing and written reports of experiments 
and experiences, Davis says. 

The Madison topics in algebra, coordinate geometry, functions, and 
the rest, could be evaluated by using exercises from the Discovery and 
Explorations teacher texts, which contain answers. Inservice courses 
also contain exercises and answers on these topics. 

How could you use pieces of string on a number line 
drawn on the blackboard, to indicate addition (for 
example. 2 + 3 = 5)? How could you use the string 
to locate 1/2? 1/3? 1/4? 2-1/2? 
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Using only integers, can you locate five points on 
the graph for the truth set of the open sentence 
(1 xD) + 3 = A ? 

Do the formulas (o+ 2) x 3 and (3 xO) + 6 = A 
represent the same function, or not?l8 

Diagnostic instruments . Present-day tests aiming to measure 
achievement are far from the Madison Project concept of education, which 
is influenced by Piaget's work on the stages cf children's cognitive 
growth. The project worked with Cornell's Center for Research in 
Education to devise instruments for assessing the child's cognitive 
pvoceasea rather than his mastery of content. They developed an unstruc- 
tured classroom interview between a mathematician or teacher and a child, 
similar to the Piagetian clinical interviews. (In England tne Nuffield 
Project also has developed a Piagetian interview for diagnosing pupils' 
learning stages rather than for measuring achievement.) The interviewer 
engages the child in arithmetic problems or activities, and the two talk 
infor-Tially about the work. Interviews so far have been with children 
who are having specific problems, and typically the interview starts 
with a topic the student knows and haS confidence in and proceeds to a 
skill he can do only bv rote, or which he fails to do. The interviewer 
noncommittal ly observes the V'/ork the child is doing until the student 
himself becomes aware of a mistake or doesn't know how to go further. 
Only then does the interviewer point out the child's misunderstanding 
and gives a hint as to the correct approach. ' In this way the interview 
serves to pinpoint the child's difficulties and also to teach him at 
the precise time when he is avtam of his problem. 

Several such intev^views have been videotaped in order to provide 
accurate observations which can be referred to over and over again. These 
have brought to light unsuspected holes in students' mathematical thinking. 
While standard protocols for conducting interviews have not been developed, 
the videotapes show techniques an experienced teacher could adapt. A 
paper by Robert Davis and Rhonda Greenstein is an example of the diagnosis- 
plus-teaching that can be done. (''Jc-nnifer," New york State Mathemtiaa 
Tc^ch^iu Jou-cncil, 18 [3], June, 1969.) 

The videotapes also roveal that children's knowledge of mathematics 
is "extraordinarily complex and oftpri much different from what we supposed," 
whites Herbert Ginsburg of che Cornell center. The "startling contradic- 
tions, unsuspected strengths and v;eaKnesses" which have shown up on video- 
tape help to explain why standardized individualized instruction curricula 
do not yet work as well as expected, Ginsburg claims. "Standard tests 
focus merely on the child's ability to come up with correct answers."'' 
Correct answers have never been the goal of the Madison Project. "A 
correct answer doesn't prove the stu'lent understands the algorithm he has 
performed; a mistake doesn't tell why he made it," says Ezra Heitowit, a 
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mathematician who conducted sevaral ^^ideuUpe int«'^views. "To see v/hat 
children do on paper is not enough. It d-jusn't tfiil what they're thinkin.j." 
Further discussion ot th^i« c'Mnical iiiltirvievvs is o.-o^entcd iti Ginsburg's 
The Mijzh o'' tha j^.p-'ive^l JLH^l (Trent ico-Hci I ! » \''''?c), and in Starilo.v 
Erlwanger's article, "benny's Conception of Kules .-ind Anriv/ers in IPl 
Mathematics" in liie Jouvnc.i rC ah^'i^^-^^-i'v .rn^..on.iti'o.: Bcimnoy for November 
1973. 



4. IMPLEMEKTATIUN: RtQUIRBIENTb AMD COST 



4.1 



School 



Facilities and Arraiiqements 



The Madison Project approach and 'nateriaV. <xy<.' particularly suited 
to nongraded schools and r.o departmantoil i zed icoching in which there are 
math specialiit teachers, but they are usable also in traditionally 
firaded schools with one teacher to each class. S'.'iik' MadiSo:i teachers 
like the idea of a separate room in tne school to be designed as a 
matheruatics environment .^nd presided ovcir by a pv.^tii specialist teacner, 
but others say that active- le:rriii<j materials, fv^r ntatli should be in an 
activity area in the class.'oom itself so tfi,?t all subjects avx> inter- 
related and children can move according to their own interests from one 
kind of schoolwork to no'^ther. The project recommends Edith Biggs' and 
James Maclean's book yy-o:^do-;i to L^a-vi (Addlson-K'esley, 1969) for its 
illustrations and instructions on hov/ to furnish and arrange an active- 
learning classroom. The math center should be a place v;here students 
can work with apparatus and real inaterials- -including messy things like 
sand and water--and wiic^re they can move ai'ound and talk with one another, 
It must be equipped with ample, versatile storage equipment. 



4 . Z Student Preregui sjjtes 

At the primary level t'le only 
some Madison topics is the ability 
intermediate-level children in cl?s 
under the direct supervision of tho 
children who are set to v-ork on thy 
approach must have reading abil (•'.:y 
which take the place of ti- ttvciier 
reading ability, they must lv.'.ve "eo 
concept of sequence, which enabh^s 

4.3 Teacher P r er e g u i sites 

There are two qualities a tedctier mus*; hfive or get before she can 
use Madison topics and teaching approacl-i, ihe first is understanding 
of the mathematics behind t.ho t.-^M'cs aiui ..-Livitie? . and ths second is_ 
a disposition to be informal, improvi .lationa 1 , ml "open' m her relation- 
ship with students. Madison director Mobert Davis conceives of the 



prerequisite for starting to learn 
to court. This is true also for 
5ies where the whole class v»orks together 
teacher. Hov.'ever, intermediate-level 
ir o\m in ai) individualized math lab 
;r, tjrrje' to foUow the "task cards" 
teVlin-.i them what to do. Beyond 
soiling Ability ;nd a v/e^ 1 -developed 
theri. CO I'oilow standardized directions. 
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teacher as an artist with a personal, unique visiofi and discipline, 
rather than as a technician who implements someone ?^ls2's plan. Davis 
makes a distinction between what he calls "ought" ptoole and "growth" 
people— his own kind. 

From the "ought" people you get the feeling that an 
abstract ideal exists, and they are primarily concerned 
that things must be much more orderly and right . . . 
By contrast, the "growth" people think of a child . . . 
building cognitive structures in his mind from quite 
personal interpretations of his unique . . . experi- 
ences, and seeking out and fitting in new information . . . 
I'm not arguing for the truth of my assumptions. I 
just think people ought to identify their assumptions. 
I'm not going to be able to say, "Mow go practice multi- 
plication tables." Every time I say that to kids they 
don't do it. But there are teachers who go on the 
assumption that kids do exactly what they're told, and 
those teachers seem able to make their approach work. 20 

Such teachers are unlikely to be able to make Madison's approach work. 

But "growth" people won't be able to make Madison work either unless 
they (a) know the math, (b) can select appropriate learning activities 
and sequence them into their school's curriculum, and (c) have mastered 
some techniques of discovery teaching and individualizing instruction. 
The Madison Project no longer focuses exclusively on the "discovery 
dialogues" which were its hallmark in its early years, but these are 
still an important component of the program. Whether these teacher- 
and-students discussions and games on abstract topics are conducted with 
the whole class or in small groups, a special assortment of talents is 
required in the teacher. This is a combination of mathematical know- 
ledge that is deeper than just the surface of the lesson, plus a percep- 
tion of how children are thinking, that may be intuitive in some teachers 
and the product of long or highly concentrated experience in others. 
Some observers believe that the abstract lessons, especially the advanced 
ones, should be taught by math specialist teachers. Harrison Geiselmann, 
professor of mathematics and education at Cornell University, believes 
"it takes quite a talented teacher with knowledge of math so that he 
knows what lines to pursue, what not to pursue; what will be fruitful 
with students, and what won't be." However, many teachers without 
specialized background in mathematics learn to do Madison's basic courses 
of abstract lessons well. Lee DeBarros, a Walnut Creek, California 
teacher, who has taught as a math specialist, says nonspecialist teachers 
can teach abstract math in the discovery style but it requires fore- 
thought, concentration, and a flair for improvisation: 
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The nke t..ing about- discovary is it's logical. It's 
ju--t d n:orter o^-" v.'OiUieriM^ wir.h stndentc^ about tne 
consequencer, of cenain sssuiiiptioiis . You start 
where the rhilaren ar--:. Vau have to thii^k hard; 't 
hard to do that. And it. is h-\rd to encompabs a 
clas<; of 30 I t^ouna that, workiny wUh a 

whole class at o.ice, some kids were iMvis-ible. vqu 
have to be some kind of virtuoso to bring averyone 
into the di scis-sioiu 

Finding out that th- Madison abstract r.xer': ises were not every 
teacher's and student's cup of tea resulted u ^^'^'^^ '^^''^ 
its topic coverage and it:^ teaching st^ le -:o inciude 'nath JshoP 
lessons and small-group or individual projects, inis kind oj^^ching 
dlso assumes teachers of ir.tcH igenr.t, who have ar. lea..t a ^^9inning 
grasp of the niatnr.r,ial:ics b.yund co.nD'jt.tinr, some understandinq of how 
to individualize, and 3 firm <.et of niach ooals to work toward. 1h s 
is a large assun^ption, as actesteJ by several obs.-vc-rs of the active- 
learning moveiv.ent. 

Barry Barnes, an wrly dnidhooo ^jducation specialist at the Far 
West Laboratory, says: 

A basic problo'n i:> :e:-cheri, ' lack of confidence. 
Unlike orna»'1c '^-earling , v:hich teachers are wniuig 
to try becau-if; th^y fo&l P>^aLty confident aoout 
their skills, in tc-ic'nin':- re3ding, tho matn activity 
centsr makes ^nachers c>rs»-dir:(^ly UMcoinfortable 
because tne-v .-.-e net conf 'dent aboul ti-.'.^r own n'ath 
ability. Thev iiiunt have 'nore struc lure for their 
teaching mciLi.. thai' they need in readir.ci. 

Lois Knowlos, protestor of education at the University of Missouri, 
told the National Council ••i 'e.chers of I schematics convention m 
April 1971: 

1 have vet to r.;:e (in c !ciS5*.-oor:?>} much progress in 
planning icchnn^^'. '..''ii^ec' I-:, children's level cf 
develop.'isnt. -vtili fin:! teacn*r:. taking bits 
and piec(:;s c:> I'V'.n— no -^-jtLei what chii'-Weii ;'.re 
ready for. T£-ach*n's -ircn't really listen'ing to 
childriin. Children dor-'t have a ';iv3ncR to fell js 
what they know a no don'i-, know. 

And J. Fr«d Weaver of the Univar:, ity of Wisconsin warns that expeH- 
end?, aai<v:- j, -nd -•• . v . ar'9 becoi-iing ■'••hi bboleUis'' : 

The crucial fact.^i- ass.''c1af.ed with experience and 
activity ' i '-'Vi:' ^ 'v \*.- No 1 ■:f:'d:rship is 



required to generate a hodgepoage of "interesting" 
diverse experiences and activities whose intents 
and purposes are ill-defined ... But strong 
leadership is needed to suggest promising activities 
and experiences that are appropriate for the 
attainment of particular mathematioal goals. . . .21 

Support from administrators . A school administration could not 
realistically expect teachers on their own to provide this leadership. 
Thus a change to active-learning mathematics requires an administrative 
commitment to substantial inservlce training for teachers, writes Lola 
May, the math consultant and writer: 

Mathematics can no longer be taught by a "show-and-tel 1" 
artist who is nothing more than a textbook wired for 
sound. . . . (Teachers) need first-hand experience, 
and this means (they) must work with the materials and 
learn the same way the students learn. Someone has to 
demonstrate how to direct learners and how to ask open- 
ended questions . . . School systems must provide this 
type of inservice training, and schools of education 
must incorporate this type of learning In their methods 
classes. 

Methods of evaluation must also be changed. Little 
questions with little answers are no longer enough. 
Teachers have to learn to evaluate . . . what a 
learner says and does (rather than test scores. 
This) requires a change of thinking on the part of 
teachers and administrators. Then It must be sold 
to parents. . . .22 

Inservice trainin^j . The major effort of the Madison Project now Is 
to help school districts retrain teachers. The typical method of Madison 
inservice training is a summer workshop of from two to four weeks, with 
college credit, sponsored by the National Science Foundation. Teaching 
is by former Madison Project staff and classroom teachers wUo have been 
through previous Madison workshops. The workshops have two focuses: 
(a) starting "math-illiterate" teachers to learn some abstract algebra, 
Cartesian geometry, functions, negative numbers, and the like— by means 
of the same lessons and games that Madison designed to teach children; 
and (b) introducing informal, "math lab" or active-learning methods by 
having teachers work with manipulative materials. A summer workshop may 
be followed by regular after-school or Saturday morning meetings In the 
ensuing year or by a Madison consultant visiting each teacher partici- 
pant's classroom from time to time. Teachers who participate In Madison 
workshops are expected to pass on the new ideas to their colleagues. 
The most successful ones are invited to teach subsequent Madison work- 
shoos. 
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From 1967 to 1972 the California Stute Department of Education 
provided two-week summer workshops for elementary teachers as part of 
the statewide "Miller math" p*'ograiii tu improvd mathematics instruction. 
These workshops stressed work with manipulativri niateriaK and provided 
each participant with $100 wortn of materials to take back to his school. 
They were based on Madison Project workshops developed by the project 
and the school districts of Ciiicago, 'it, Loiiis, Philadelphia, New York, 
San Diego, and Los Angeles. The Miller u\at\\ workshops were taught by 
teachers rather than by college profc^s3ort> 

When the state-supported progrum ^^cded, a nonprofit group, Center 
for the Improvement of Mathematics Education (CIME), was formed to provide 
Madison-style summer workshops in several California cities. ClME's 
address is P.O. Box 81594, San Oieqo, Ca. 9;dl38. 

The Madison math lab style also survives in chat part of the new 
teachers' center movement v.'hich emphasizes inscrvice courses tauglit by 
classroom teachers, promoting ucuive- learning methods and materials, and 
developmental learning theory. 

Other forms of inservicc- training t^dde available by the Madison 
Project are its films of cVissroom lessons and its packaged inservice 
training courses, described in Chapter 2. 

4 . 4 Ba ckground and Trainin j_of JHhei^^Classr^ 

Many American teacher*- v/ith experience in active-learning mathematics 
are convinced that the teacher with 2'j or more students needs extra adults 
in tli« classroom in order to manage tnis approach. This is particularly 
so when students lack readioQ proficiency, or need a lot of teacher 
control. If nonmathematicaVly- inclined students are to learn from 
activities instead of frow memorization and drill, they must be closely 
observed to make sure that they follow directiofir., understand the math- 
ematical meaning of their experienc^js ,' and translate understandings into 
skills. Volunteers or paraprofessionals assisting the teacher in math- 
ematics should understand what the activity i? oupoosed to teach, have 
confidence in the discovery/acti/e-learning approach, and have patience 
with students. 
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4.6 Demotistrdtion Sites 



Professor Davis' office ai University of Illinois Curriculum Labora- 
tory can suggest particular taachers or schools in all parts of thfi country 
which demonstrate use of Madison topics and/or an informal, active-learning 
style. In California the Centpr for the Improvement of Matheinatii:^. Educa- 
tion can recommend classrooms of teachers from all over the state who have 
taken part in summer workshops, a Z Mddison active-learning math. Write 
Leonard M. Warren, director, CIML, P.O. Box 81594, San Diego, Ca. 92138. 



5. PROGRAM DEVF.LOPMENT AND EVALUATION 



5.1 Program Devel o pment 

The Madison Project began as university professors' experiments in 
elementary classroom teaching and gradually joined the nationwide tnrust 
for math teaching that is at once more mathematical and more childlike. 
Madison's modern topics and its naturalistic approach do not represent 
a steady refinement of one technique but a blend of c^xperiences with 
many. Its history was one of creating materials and methods, combining 
outside ideas with their own, sharing their own ideas with others, and 
giving up or changing things that didn't work or didn't transi-er well to 
new situations. Thus the present shape of Madison math is different 
from the first outline. 

Leonard Warren, director of California's Specialized Teacher Project 
(the so-called "Miller math" inservice workshops) which grew out of 
Madison Project training in San Diego and Los Angeles, comments on the 
mijor change in the project: 

Original Madison math v/as essentially dialogue between 
teacher and students by someone fairly sophisticated in 
math. Davis came to believe that this is not something 
the average teacher can do. You need a richer background 
in math to continue to ask provocative questions that 
make discovery go. 

The project's e;aluation studies and experience with inservice 
traininj showed that students need physical as well as abstract experi- 
ence. 

In the suiTimer of 1964 a class of supposedly culturally 
deprived children in Chicago, who were in fact very 
bright, were assembled from grades 4, 5, and 6 and 
combined into a single class to serve as a demonstra- 
tion class, via closed-circuit T.V,, for the inservice 
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workshops in Chicago (which were held summers and 
Saturdays for two years). Morale was beginning to 
wear thin. ... The teacher had been standing at 
the chalkboard and often dominating class discussions. 
He now broke the class up into groups of three or 
four children each, seated around tables, using 
physical materials much of the time, with each group 
working independently of the others. Morale improved 
dramatically. 

(The children) taught the project that the teacher 
should not stand and thereby dominate the room, but 
rather sit and work with students as equals; that 
the teacher should only occasionally address the 
entire class, but usually talk privately with two 
or three children at a time; that children should 
sit at tables in groups of three or four, working 
together, but not necessarily on the same tasks 
as other groups; and that much of wh t the children 
do should involve the manipulation of physical 
objects more mathematically suggestive than a pen 
or pencil or a piece of chalk. 23 

The project began in November 1956 in an "underachieving" seventh 
grade at the Madison School in a low-income neighborhood of Syracuse, 
New York, under Office of Education sponsorship. It gained classroom 
experience in middle-class and in privileged suburban schools, and 
tested the new lessons it had devised on teachers in "inner city" 
schools in St. Louis, Chicago, New York, and Philadelphia. 

The project never intended to create a Lomprehensive curriculum 
because it lacked the resources to innovate the entire elementary math- 
ematics program. "Rather than carry over much unsuitable material into 
a new program'," Davis wrote, "the project approached the curriculum 
as one might approach urban renewal. Most of the city was left untouched. 
Only in spots, where it was possible to make definite improvements, was 
the curriculum tampered with . . ."24 

The first step in creating a new lesson was to identify a mathematical 
concept, such as variable^ as being of high priority. 

In working with children in the classroom, specialist 
teachers try alternative methods of letting children 
work with variables— seeking always proaeaaee. In 
the course of doing this, other topics will appear 
which turn out to be intertwined with the classroom 
work on the original topic— for instance, open 
sentences, truth set, number line. The topic is 
retained only if suitable experiences for children 
can be devised . . .25 
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More than TOO specialist It-ichevs w;-iro involved in cr;^cifinc) the 
original Madison topics, teacninq t.Kerr in s.^veral differ-ant classrooms, 
and then giving them to a c'. t ftet^eMr. teacher to try out. The proiect 
assembled iti" successful lessonf; inco four distinct supplementary courses, 
available not as texts for stuJents but as yii,:-ii: of lessons for teachers. 

The Office of Educatio:i support..'d an iinplerrierilation phase 1 1961-57) 
to spread ttie^e new lessons by irioans of big inservice trdlninci workshops 
like those the project had designed \;1th the school districts of St. 
Louis and Chicago. Two packaged, Gel f-adininistered iri^ervice courses 
were written. They used excerpts frjr.i the films of (/uissroom lessons. 

C'uriny this time^the project's association with Syracuse arJ with 
Webster College, nissouri. oroauced r,e\; proservice courses in mathainetics. 
Ip to the present, the project continu-is to focus on re-education of 
tfc-achers with National Science Foundatio;) support. Since Robert Davis' 
;!iove to the University of Illinois, wf.ere he is director o'*^ the Cur^^iculu'ii 
Laboratory (1210 W. Springfiald, Urbara* 111. 61801), ccntinuit.g Madison 
activities are centered there. The i.aboratory ' s PLATO p»''0ject for com- 
DLter-assisted instruction in matr.aniitii'.s has translated a r;unibor of 
Madison topics in graphing to PLATO. Thus they aro av? liable to teachers 
and students who have access to conruter terniinals in th*; PLATO system. 

5 • 2 Deve loper's Evaluation 

The Madison Project did not oierisura itself against standards of 
traditional mathematics programs berause it views its own work as "iiiore 
than new routes to old goals." Its v.'crk is to puL forth examples of 
now goals. 

The project has sought to produce certain actual 
changt^s in schools, (but it has not) sought to prove 
that these change- v/or?: desirable . . . Tnese are 
things that you do, and then allow people to view 
them, and to build upoii tnem, and to form their own 
judgi;-.(=nts.2t3 

The pro'iect considers trao : t ions i testing ii:easureo to be antithetical 
to its qcals oecai'se they tu^e coo narrow a view of iiiv.thanatics and 
bficause" new rvi'ieri sis an:! ]c:s>a;'is nre taught so dif fe.>-ntiy in different 
schools. Comparing MadisoM Ifsson:. vitii other cu'-rTcul^ was never 
attempted; first because Madison rnattrials are supoleii'.entary , but more 
importantly because in thc> field of •■^.n.u education there is no commonly 
agreed-upon body of goals and, Uavis claims, the "relatively trivial" 
goals which nave been set down get co be overemphasized. All of this 
is not to say that nwas'it^ements of project; performance snould never 
be made, Davis added, but ra'-her that "one should balance the estimated 
gain in information agaii-st tiic ijr.K>.-ibk costs." 
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With those cautions in mind the Madison Project undertook a variety 
of tests of its own work: 

(These consist of) cdreful observation by niathenia- 
ticians, teachers, administrators and clinical 
psychologists; "viability" testing in the hands of 
a variety of teachers of varying qualifications, and 
with a wide variety of students; confirmation of 
appropriateness through viewing of films by relevant 
panels of professionals; tape-recording lessons by a 
variety of teachers and allowing a panel to t;tudy 
these recordings; following the same students for 
up to five years in the program in orde,' to observe 
cumulative effects; and tape-recorded interviews of 
students conducted by a clinical psychologist. ^7 

The most formal study of effects of" Madison Project teaching was 
conducted in 1965 (before the movement toward active learning with 
physical materials) by J. Robert Cieary of Educational Testing Service. 
He matched three seventh grade classes in th>^ee different upper-middle- 
class communities. Two of the classes had had Madison Project Instruc- 
tion for several years. He chose 45 items of the new mathematics test 
of the Stanford Achievement High School Test Battery, to see "how 
Madison Project students operated on fairly difficult materials of 
both traditional and more contemporary content but with the more tradi- 
tional notation." He hypothesized that the Madison Project seventh 
grade students "would perform as well as a sample of ninth grade students 
taking some variety of modern math in similar schools." This hypothesis 
was proved. Cieary also reported that the students cut-performed the 
non-Madison class in "all items dealing with algebraic knowledge, graphic 
interpretation of functions linear and nonlinear, and other mathematical 
topics," while the non-Madison students equalled or surpassed the Madison 
groups only in arithmetic items or "items requiring formula substitution 
skill. "28 

A less formal study was conducted to investigate the use of Madison 
lessonr by many different teachers. Their lessons were tape recorded and 
a copy of each tape was sent to a panel of 60 mathematicians, teachers, and 
psychologists, v/ho were not told in advance what to observe but focussed 
OP whatever they chose. Each panelist prepared a report on each lesson, 
and these analyses were btiidied by the project. The most signified. it 
result of this study wa^; the indication that Madison Project materials 
are more successful in the hands of "child-centered" teachers than when 
taught by teachers concerned with "the way things ought. t<i be" (one 
teacher-panelist referred to lessons by such teachers as "more orders 
from the Giant People!"). However, Divis adds, there is evidence that 
"rather rigid, compulsive teachers, if they can relax somewhat, can teach 
project materifls very we'! indeed, especially with children who tend to 
misbehave. "29 
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A third study consisted of a clinical psychologist's interviews 
with individual sixth and seventh grade children, in an attempt to find 
out why children in these grades in all kinds of schools seem to perform 
less well than they had in earlier grades. Children were not aware that 
the study was concerned with mathematics. The psychologist studied tape 
recordings of the interviews and reported his findings. 

The most striking result, which emerged rather clearly, 
was that the children liked those subjects which involved 
physical activity and opportunities to talk to other 
children, and dislik.d those subjects which involved 
sitting still, and '.<hich offered no opportunitiei to 
talk with friends. . . . The ch-'idren we-^e quite 
articulite and quite explicit. They disparaged subjects 
where "all you do is sit and read ard write." They 
liked orchestra, chorus, physical education, laboratory 
work, and art work; Ihey disliked Latin, modern lan- 
guages, social studies, English, and mathematics. 

Perhaps the most important f^ct is that the data 
collected in the Herbert Bdrrett study did^ indeed, 
form the basis for a decision which has been imple- 
mented: the project moved further away from an 
exclusively papcr-and-pencil approach and has come 
to make extensive use of physical materials and 
"mathematics IdDoratories" at alt gradt? leveled 
and also in oollege lyoureets fop -pvoepective teaaher^*^^ 

The project cites its collection of films of actual classroom 
teaching as descriptive evaluation. The lessons recorded in this way 
are "fully worked out," not just directions and exercises in a text. 
The teacher can see first-hand how the Madison topics work and make 
her own evaluation of their effectiveness with herself as teacher. 

The project cites its experience in "inner city" schools, starting 
with St. Louis' Bani eker district, to prove that Madison Materials 
are "every bit as viable" with poor, nonwhite children as with suburban, 
economically privileged children, provided that t^'j.ch(-:re have inservioe 
training. Other big districts in which the National Science Foundation 
sponsored Madison teachinq training worksiiops are New York, Philadelphia, 
Los Angeles, and San Diego. 

Chicago's NSF-sponsored training project in 1964-66 was the prototype 
for the others, and ''t is cited by Ddvis for i'ilustrating "the large 
amount of feedback data" the project was able to acquire by developing 
it: curriculum in the classroom and by remaining open to influences from 
students. 
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5.3 Evaluation Results 



"Properly educated teachers using a proper selection of Madison 
Project materials" can achieve any one or more of the following goals, 
Robert Davis reported to the Office of Education in 1967: 

1. Building an improved understanding of certain 
commonplace topics in arithmetic, such as 
placevalue numerals, algorithms, fractions, etc. 

2. Arousing an interest in school (or in mathematics) 
among children (and, for that matter, teachers) 
who have not lately exhibited a very likely 
involvement or an eager enthusiasm. (This includes 
elementary education majors who believe they hate 
mathematics, etc.) 

3. Providing a basic foundation for unifying arithmetic, 
algebra, and geometry in grades two through nine. 

4. Providing a basic foundation for relating mathematics 
to science (and even to such subjects as history and 
music). 

5. Providing a program to allow more talented children 
to move ahead more quickly in mathematics. 

6. Providing materials and ideas which enable teachers 
to change their mathematics classes from a text- 
book-dominated approach to a more flexible "mathe- 
matics laboratory*' approach— including small -group 

work and individualization of instruction. 31 

All of these accomplishments were proved by one or more of the studies 
described in the pages on evaluation in the OE report, or by studies by 
other investigators, which are reported in the next section. 

5.4 Independent Anabases of the Program 

Evidence from the California "Miller math project" showed that 
students of second grade teachers with Madison-style training scored 
significantly higher than control groups on measures of both comprehen- 
sion and computation and on the Modern Math Understanding Test. Students 
if fifth grade teachers in the Madison-style math workshop program per- 
formed significantly better than control groups on nine of ten scales 
selected from the National Longitudinal Study of Mathematical Abilities- 
computation plus understa.'ding of number operation, geometry, probability, 
and graphing. The researc!* was condurted from 1968 to 1972 by the 
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California Institute of Technology for the CaMforina state department of 
education Specialized Teacher Project, which had provided the two-week 
math workshop inservice training to more than two thousand elementary 

school teachers thruu^jhout California. Tlie i^tudies alsu showed that sub- 
stantial improve.nent in pupils' scores was 'jbtaineJ when teachers attended 
the summer workshops two years in a row, Furtlier, the evaluation ascer- 
tained that thu math workshop inservice resiiUnd in pupil gains in low 
socioeconomic and minority-group communiticjs which were equal to the 
gains of pupils in mainly middle class white; 'schools. 31: 

Similar results were achieved in a 1965 s^,udy of Indiana fifth 
graders. Charles D. Hopkins investigated what happens tu a child's 
proficiency in "traditional arithmetic" wh-m time is diverted to the 
study of Madison topics. He found that "the students perform bettor 
even on the traditional topics (which are receiving less emphasis)." 
This was true for low achievers in math as well as high achievers. In 
his comment about this study Davis reported that it was made independently 
of the Madison Project but that the teacher had studied with the project 
for several years. "The project has never cl aimed, and coes not claim, 
that untrained teachers can make effective uz': of project ideas. It 
is for this reason tliat the project's efforts .-".t dissemination are 
directed almost entirely toward teajhe^* education. "-^3 

5. 5 P roject Funding 

The Madison Project curriculum developiMent wiis supported by Syracuse 
University and Webster College, and by the Bur*2au of Research of the U.S. 
Office of Education. Its films were developed witi) funds from the Course 
Content Improvement Section of the National Science Foundation. Inservice 
training workshops for teachers in Maoison topics and methods have been 
supported by NSF and by the school districts themselves. 

5. 6 Project S1:aff 

Robert B. Davis, Professor of Matiiematics and Education at Syracuse 
University and Webster College, now Director of thvi University of 
Illinois Curnculimi Laboratory, wes the originator of the project. His 
ideas about motiiematics, about children, and about pedagogy— and his 
experiences— have shaped the projtcl mosi* strongly, and these in turn 
have been shape'J by the many university mat'iematicians and educators 
cinJ the more than onu hundred math specialist teachsrs wno have joined 
tha project from time to time i.o help work out topics, to teach Inservice 
work^.isand to worK as resident consultants in school districts. The 
pritiifry^TeVtl materials are largely the w:;rk of Beryl S. Cochran. The 
main "ossembled" curriculum cor-siscing of Madison topics plus activities 
with manipulative materials, and adaptable for children from grades 2 
through 3. is attributed to Donald Cohen, Gerald Glynn, and Louise 
Daffron, all Madison staff members. St. Louis Banneker district 
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personnel are credited with moving Madison learning experiences into 
"inner city" classrooms. Among these. Katherine Vaughn and Katie 
Reynolds have continued to be associated with the project as teacher 
instru-tors. Chicago workshop designers were Evelyn Carlson and 
Bernice Antoine. Katharine Kharas was associated with the project in 
designing new courses in teacher education at Webster College. 



ERIC 



40 



FOOTNOTES 



1. May, Lola. What's new in the new math? The Grade Teacher ^ 88, (6), 
February 1971, pp. 78-79. 

2. Davis, Robert B. Madison Pi'cjeot Final Flegoi't^ Volume 1. Syracuse, 
N.Y.: The Madison Project, 1967, pp. 4, 6. 

3. Riedesel, C. Alan. Research suggestions: use of time in teaching 
elementary school mathematics. Tne Arithnetio Teacher, 18^, (3), 
March 1971, pp. 177-179. 

4. Suydam, Marilyn, and Riedesel, C. Interview with Robert Davis. 
Elementary Mathematics Prep 11-C. Washington, D.C.: National Center 
for Educational Communication, 1970, pp. 113-116, ERIC ED 030 018. 

5. Davis, Robert B. Di&c^overy in Mathetnatiae. Menlo Park, Ca.: 
Addi son-Wesley, 1964, p. 5. 

6. Davis, Robert B. Exploitations in Mathonatias , Palo Alto, Ca.: 
Addi son-Wesley, 1967', pp. 4, 6. 

7. Cohen, Donald. The Maths Plinilab. Newton, Mass. ; Selective 
Educational Equipment, Inc., 1971, Teacher's Guide. 

8. Davis. Explorations^ pp. 3-5. 

9. Davis. Explorations, pp. 3-5. 

10. Cohen, D., Davis, R., Hajek, R., and Kharas, K. lyxservioe Course for 
Teachers I. Syracuse, N.Y.: The Madison Project, p. 1-33. 

11. Cochran, Beryl, Barson, Alan, and Davis, Robert B. Child-created 
mathematics. The Arithmetic Teac-he\% 17, (3), March 1970, pp. 212, 
214. 

12. Davis. Discovery, pp. 5-6. 

13. Davis. Robert B. Math'^rnatics teaching— with special reference to 
epistemological problems. Jouvntxl of Rf^seai'ch and Development in 
Education, Monograph no. 1. Athens, Ga.: University of Georgia, 
1967, pp. 34-35. 

14. Cohen, tot/icJ .^in-C^ai?, Teacher's Guide. 

15. Cohen, D., Davis, R,, Hajfck, R., and Kharas, K. Inser-oicc Course I , 
pp. 1-5-8, I-2i. 



ERIC 



41 



16. Cohen, D., Davis, R., Hajek, R., and Kharas, K. Inaervioe Course j, 
P. 1-13. 

17. Cohen. Muths Minllab, activity card. 

18. Cohen, D., Davis, R., Hajek, R., and Kharas, K. Inaervioe Course I, 
pp. XII-13-24. 

19. Ginsburg, Herbert, children's knowledge and individualized inetmo- 
tion, (unpublished manuscript). Ithaca, N.Y.: Cornell University 
Center for Research in Education, 1971. 

20. Suydam, and Riedesel. Elementary Mathematics Prep 11-C, pp. 100-101. 

21. Weaver, J. Fred. Seductive shibboleths. The Arithmetic Teacher, 
18, (4), April 1971. pp. 263-264. 

22. May. What's new in the new math? pp. 78-79. 

23. Davis. FivaV Report, Volume II, pp. C-18, A-41 . 

24. Davis. Final Report, Volume II, p. 49. 

25. Davis. Final Report, Volume II p. 58 

26. Davis. Final Report, Volme II p. 61. 

27. Davis. Fir^l Report, Volume II, p. 118. 

28. Davis. Fi'iaX Report, Volume II, pp. A- 5, A- 26. 

29. Davis. FUial Report, Volume Ii pp. A-26-27 

30. Davis. Fiyial Report, Volume II pp. A-27-28. 

31. Davis. Final Report, Volume II p. A-3. 

32. Dilworth, Richard P., and Leonard M. Warren. Final Report Specialized 
Teacher py^ojeat :07U?2, A Report Submitted by the State Board of 
Education to the California Legislature, June 1973. 

33. Davis. Firrd Report, Volume tl, p. A-32. 



ERIC 



42 



THE ARITHMETIC PROJECT COURSE FOR TEACHERS 



INTRODUCTION 



DisauiiQ-ion Leadei>: Hsm's how aome cf th^ jimiva iook-3d 

for the- rule a ^ x □ — 5; 



0 1 2 3 4 5 6 7 8 9 10 n 12 13 14 15 16 



Partiaipant B: The jwnva av^ diff event terujths and 

tht^y go in opposite direationa. 

Partiaipant D: I noticed tJiat you *tUi>^ two jmps of 
one spaaey two jurnpo of two Qpaces^ 
but then only on^ jwig of four spaace. 

Dieouseion Leader: If the pattern were Lveoerved^ 

whC'^e should the ihcr.p from 2 land? 

Fartioipant D: Would it he four Gpa-jes to the left 
of 1? 

Discussion Leader: ^es, it would. Hew long do you 

predict the jurnp froin, 1^ will he? . , . 

The above is a sample discussion among a group of elementary teachers 
pa'rticipating with a discussion leader in the first session of the 
Arithmetic Project Course for Teachers. They h:xve just seen a SS-^rninute 
black ard white fihi ( copyright --^1 9 6? ) of a Project staff member 
teaching a elacrj of fifth-graders from Medford^ Mass., to work out some 
number line problems on the chalkboard. 

The impact of 20 such teacher 3ernina:rs was described hy one partici- 
pant as follows: 

This is a program t^iat ^ allows^ the child to develop 
math concepts and principles in his mind, not a pro- 
gram that puts_ math concepts in his mind.... I feel 
that the films are necessary in presenting the material 
to us Iteachers'j-'^otherwise I never would JvzVe believed 
it. ...Math can he fun anrl it can be easy and this pro^ 
grojn oringj 'c^h.xt idea ac:*o<)s — arid 1 loi)(^ it! 
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The .iH^-l-jn^itl.' Pj'jJc^'L ..•.'!^> .:!•. is a series of films plus home- 
work assigninents for teacherb (or prospective teachers), presenting 
a variety of fresh ways to teach math concepts and giving parti cioants 
practice In designing learning experience for their own pupils. The 
topics were developed by David A. Page and his colleagues at the Univer- 
sity of Illinois Curriculum Laboratory, starting in 1953, and the Course 
for teachers was developed by Page and associates at the Education 
Development Center in Newton, Mass. 

The topics are not a complete arithmetic curriculum even for one 
grade, but rather supplementary ideas which can enliven and broaden 
the mathematics instruction in elementary school. The ideas are meant 
to be adapted during the Course for use in the classes ot the partici- 
pating teachers. 

It has been more than 15 years since the Arithmetic Project began, 
and in that time other pedagogical emphases have come to the fore: 
arranging classrooms and schedules less formally, provisioning instruc- 
tion with more concrete and naturalistic, child-relevant materials; 
breaking up instruction into small groups or individual tasks. These 
nev'/er emphases on methods are not inconsistent with the stress of the 
Arithmetic Project on interesting and mathematically valid content. 
And the Course's main ourpose— to expand and enliven the mathematical 
repertoire of teachers- -is still relevant to a priority need of American 
education: to upgrade and renew the learning and teaching ability of 
elementary teachers. 

Nevertheless, it is important to note that the Arithmetic Project 
Course began in the era in which university scientists and scholars 
became interested in developing sound and intellectually provocative 
ways to introduce their disciplines to young children. In this search, 
mathematicians tenued to assume the ^-eadiness of children to learn 
powerful, authentic concepts if only they would encounter them in stim- 
ulating ways. The question:, of vv'hat cognitive foundations wer-e needed 
if. order for children to copy -.-.'ith the ideas being introduced were not 
always confronted. These a^'o q"je-;tionr which have become priorities-- 
indeed, obsesbions--as teachers increasingly work in situations in which 
they cannot assume a given lev^l of achievemc^nt among all the pupils 
within a classroom. 
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BASIC INFORMATION 



t*i'oo:'con ywne: The Arithmetic Project Course for Teachers (formerly 
The University of Illinois Arithmetic Project) 

■''ormat: Series of films, discussion notes, and written le^-sons for 
teachers disseminated by inservice and preservice courses. 

Uniquenesi-i : Self-contained course which can be giver, by a •school dis- 
trict without specially trained personnel. Topics are math concepts 
of significance to mathematicians and capable of being understood by 
children. 

Contmt: Some ten topics developed by the Project, including trans- 
formations (about half of the course), equations, "maneuvers on 
lattices," and "greatest-integer function." 

Suggesced use: kr\ inservice or preservice course introducing mathemat- 
ical topics to teachers and helping them to adapt them for 
children. 

Target audience: Teachers of elementary mathematics in grades 1-b, 

Length of vse: Twenty weekly sessions of 2 hours each offered con- 
secutively or in 2 10-week courses. A lb-week preservice course 
is also avai lable. 

AUs foi" tvo-mevs: Twenty books (one per session) containing homework 
assignments, summaries of problems in the film, and supplements. 
Materials for staff include one Guide for' Course- Leadero, containing 
discussion notes on films and homework, and a Cnryorjior^'s G'dJe. The 
project offers participating districts and colleges a 24-hour "hotline" 
and consultant services in addition to contact with local users. 

Date, of puoliaation: Originally published in 1965; revif.ed 1973. 

i)i--'^'-o-' '?^v^'.o^>ep: Professor David A. Page, Departmr:nt of Mathematics. 
' University of Illinois at Chicago Circle, Box 43^8, Chicago. 111. 
60680. fir. Jack Churchill. Associate Director, Arithmetic Project. 
Education Development Center, Inc., 55 Chapel St.. Newton, Mass. 
02160. (617) 969- 7100. 

Pubtishev: Education Distribution Center, 39 Chapel St., Newton, Mass. 
02160. 
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1. CiOALS ANO RAViO.NAl.H 



BEST COPY miABU 



1 .1 (uoals 

The Arithiretic Project was & spin-of^' from the hioh school math- 
ematics cutTicului.) development by t it l-^te Max Bebernian at the 
University of Illinois Curriculu'ii Labor-.itory in the laue 19.0 s. 

Oavii Page, director of thi? Pro^^c^', bpi-ievec! that you could not 
dc'termine what sliould nappc-n at the sfc.r^nary lev^l until you had some 
understandint) of the rnathema tic.il c^'jabi hticis j( eli-i^ntary school 
children. While was sum tnot coiveteiit niathomaticiarir. cjuld proauce 
spectacular results with plenic^n.tury cl.vssi;s, Poc]:^ wanted to see what 
ordinary teacncrs could do aft^r a Vitlle traiiiin:j. He thou^^ht that 
with proper background even orain-.».y t-achtrs could "allow chi'dren to 
pursue inatlieinatics beyond tne uiiual litiiits of elementary school." 

Tfie Arithh^^tic Project lour.>e wa.-; .'cvcloped in 'in attempt to sub- 
stantially change daily classrooin i;uf-.i,L:i,ui/;ci teaching. By iiicreasing 
the teacher'*; knowledge of i.'-ath cmd C!/perii:/.-ntation with new teaching 
strategies, it was hoped t!iat si:. Vivuld be freed frci,, reliance on tlie 
textbook and bu able to teach i-.or-e powerful and wide-rangin.j niatheniatics 
ideas. 

The central theme 'uf tne Project i^ that the study 
of t;i-athematics should be an .-.dventure, requiring 
and deserving hard v/ork. Lhildrnn who grasp some 
of the inherent f3Sci.i:.tion of real mathematics 
while they are in eloi'i-jntary schoo"! are well on^ 
the way to success ii- further study of mathematics 
and science. Students who are not to continue a 
formal study of niathema ':ics deserve a taste of tne 
subject that is at le-:ist appealing. 

However, the Project is not attempting to develop a 
systematic curriculum for any grade level, in the 
view thai: determinmq -hi adequate curriculum is not 
pcssihle until mnre a ! l.en.oiivtjs exist to choose 
among. What is .iec<.Md are l-r^uioworks that ui^ovide 
day-to-day, "here- -^-somethin-j-to-try" ideas for the 
cTassrooi.i. The emphasis i: on things that tlie teacher 
can begin work'ng with as quickly as possible.* 



*A11 quotations are from introductory, course, and publicity material 
issued by the- Project. 
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The term "new mathemdtic^." is not used by the developer. Instead, 
". . .the Project seeks novel ways of doing old mathematics— new struc- 
tures or schemes within which can be found larqe numbers of interrelated 
probleinb I'uvet'ling siytiif icatiL mathematical idea*-".." 

As a result of taking the Course, state che developerSs teachers 
"will uncover through their own efforts and with othar teachers, some 
of the basic ideas of mathematics. At the same* time, they will learn 
how to present these ideas effectively to children." 

Actually the Course confines itself to a relativtly small number 
of topics that were developed by the University of Illinois Ari tlimetic 
PY'Oject between 1953 and 19G8 and to demons tratMig ".in an efficient, 
concrete way" how to teach the;n. 

Rather than exposing the trainee to prepared student materials, 
the Course tries to Pocus attention on building a framewori< of ideas 
which the teacher can adapt and deploy. By increasing her kMowiedge 
of mathematics it ir. thought the teacher will no longer need tc rely 
so heavily on -che i:extbook ar.d can adapt topics to personal teaching 
style a?iu tc local syllabus and procedures. 

Course objyctives are stated for the teachers rather than for 
children, in the belief that more competent and coiiFident teachers will 
produce incre^^'^ou learning by their students. Course objectives aro as 
fol lows; 

1. To give them [teachers] ideas for te-iching math. 

2. give them copies and problems they can use with students, 

3. show them ways of creating problems on their own, 

4. (jive theff a deeper understanding of some of the most 
important math concepts in the elementary school 

cun'iculu!!:, 

5. build their confidence in their own mathematical ability, 

6. and at tne sami time help students develop skills in 
reasoning anu computation. 

1 . 2 R ationale 

Arithmetic Project developers state that the topics were selected 
because they. . ."have aroused the interests of children., teachers, 
and inatheinaticidirs acr.'ss the nation,' and "all of the topics present 
fundamental ideas ot matiieaiUics in ways that are exciting to children 
and teachers alike." 





It is held that children are excited by "scientific enterprise with 
in a limited universe." which is actually what occurs when a child works 
with these topics, and that students love wrestling with abstract math 
if they can succeed. Furthermore, the developers have observed that 
"things are so Jevoid of interest and spark in the elementary classroom 
as far as mathemdtics is concerned" that when certain topics are intro- 
duced the excitement and interest of the students in abstract ideas 
becomes self-evident. 

Fundamental to this Course is the notion that ordinary students 
can and should gain experience with significant mathaiiatical ideas^ not 
just rote skills. Just as fundamental is the notion that ordinary 
teachers can learn and teach this kind of mathematics. 



2. CONTENT AND MATERIALS 



2.1 Content Focus 

Topics (or as the developer sometimes calls them "intermediate 
inventions") were designed to meet criteria of interest and accessibility 
to children and significance to mathematicians. The topics eventually 
selected for the Course were those which engaged "the interest and 
imagination of children by providing a diversity of problems that are 
not too hard for children to solve and which reveal some of the basic 
ideas of mathematics." The topics included are: 

Number line jumping rules (functions or transformations). 

Equations (identities, with one or two roots or no roots). 

Jumping rules in the plane (transformations in two 
dimensions). 

Negative numbers. 

Maneuvers on lattices. 

Lower and upper brackets (the greatest-integer function). 

Artificial operations (properties of binary operations). 

Cwtmutativity and associativity of addition and 
multiplication. 

Distributivity of multiplication over addition. 

Subtraction and division as inverses to the operations 
of addition and multiplication. 



49 



The developers do not claim that these are a comprehensive selection 
representing all or most of the important concepts in elementary math- 
ematics. (Some pArt-icipanfs oave in fact expressed disappointment that 
more than haU~ the Course is devoted to transformations or "line jumping 
rules.") The devolopcrs believea that it was important for teachers to 
gain experience with some new topics in order to take part in worthwhile 
discussions about a truly broad and encompass ir.g math curriculum. Thus 
the developers did not attempt to provide frebh "inventions" for all the 
concepts in the arithmetic syllabus. They thought it more in-^ortant to 
provide a teaching ;v:?/,;:'L\:r'k in v;hich children can wrestle with basic 
matheiualical ideas and have some success. 

The Project presetits its own system of notation--arrows, brackets, 
boxes 1 parentheses, and the like--which may be different f. im that 
familiar to teacher?, and the-ir pupils, and thus confusing to learners 
whose symbolic matheiv.atica'i foundation^ are shaky. 

2 . 2 Cont ent and Oryanization of the Course 

The Course is lisuilly given as 20 weekly sessions but this is not 
mandatory. F.ach session includes a film, followed by discussion of the 
film, and di:.cusr=Ton of the written homework lessons handed in by the 
participants. 

It is possible to arrange to give the Course in 2 parts of 10 
sessions each. Qevoloosrs recommend that teacher-: take the first part 
before the second because topics are arranged sequentially. A 15-week 
preservice Course is also available. 

The following chart indicates the topics scheduled for each session. 
The SuvplerKsn^.^ referred to ara sections of the lesson booklets con- 
taining" furtner exposition cn the topics and suggestions as to how 
teachers can adapt topics to different teaching strategies and/or grade 
levels. 

The written !ef.son'.i ere completed by the teacher between sessions. 
Thev are handed in dincursed by the group, and corrected by "Corrector" 
with the he ID of ext'-nsi ,:o'>r(23toi-':j Gui'lia. The homework is dis- 
cussed again -i subsequent meeting . Whether the urHvten lessons 
are donebefu^^e or of tor viewing the ■ . 'm is at the discretion of the 
leader, 

While each film demonstrates how a topic i.^ay be taught at a partic- 
ular grade level: te=ichars are expected to discuss and experiment, with 
the aid of the mp!. i'j:'>i.}iti; , teaching these same topics at differing 
levels. 

2 . 3 Ma_t e rj djtj^ ilL^jV i o 

Mater fc-" chp rovnplete inservice Course include <!0 fil-rrs 
of classroom le^scnsi each rilm must be individua ly schi-duled and 
returned the da> following each session. 
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BEST COPY AVAIUBLE 



Each participant is 'iupplind with I'D k.^kt^, 1 for t^ach session. 
The booklets contain ur/r./c?.- /v.?;,'..;-..; to be dofiG between meetings, 
. ir:.b'-'-.j '> ':■ rib:: and conUninng further 

ideas, niathematical exposition i^nd bibliographies. 

Each leader is given a Cuiic jV- ''o-.^::^ U:d.M?s containing jc-cra . 

Lach corrector is supplied with a c..-"yr:r-'s ■:uLd^ v.'ith uibtructions 
for correcting the written lessons. 

Tho Project also offers partidi-ating districts "contact v^it.h othors 
who have used the Course," a 24-hour "hotline," and coasuitant se^^viues. 
Consultants will help set up the Cour-... or conduct a s;ission. 

PcTticipants hiay elect take t:.c itu.se;:r ? lO-v.-ek i^ejii.ents. 
The 15-session preservice Cour-:e covv-s ir.ubr. or the i.iacericti v^ tne 
complete inservice Course, but iiicuiy of th- riliiiu art oi,iitted. 



l-nroriuctiun fr«.ner; .^n.. 

Filrn: A Fust CUjs'. With 
Number line Hulf»$ and Lower 

Suppl-inicnt. Ati«^\ »ars to 
Comn^ofi Quest lOfis About Ih*.* 



Const cutive iiunp^,; distancts 
jumiwd. cottipotiug riumlxT iii»t» 
rules 

Which Rule Wins? Phyll'* 
R K.lcin. Cv ' ^ 3 

Po$ftu ofi'i t\Jegcit'Vc Numbcis 
3 

Pdf«;nthc:;5«; ani "niulTtplvitiC) 
before YOU a;iil". stann'.t»ll 
pcMnti 

Film- S:. r.ihttli Poui'.s Da^Md 
A. Pcifi'^, Cirjio b 
S'jp;»'i.'m"nt. Ans.vtM-i to 
Convnu*' Outfit fDi". ^OoHt thf? 
Filtn *Stamhtiil Po*nti" 



£ff -ots of u'.inc^ ru:'.»> »n 
Jifl' f Mt t.rHers 

f-iUn. Thfi»e A'i, rhrcf? B i. .♦nc? 
Suuolet lef.t Ujv/iilniq Aro 



Intr4>'1-.r-tiv n I :; fnuntuvL•f^^ cn 

Film: A Seven- Fold Utticn 

Supplf^n'OtU: Miineuvers on 
UttirfS 



^•orn«> wrrjt g .in&v;;r>, jl»:»uluto 
v.^li.e 

Fi'rn- Counting With Dots 

Supplement Wuvs t. Ti.ui 
Ho'.v Many 



Lower bracket^ 
FtUn: Lower anr< Upper 
t^rackets C.arot Df»:ii«.l, GrdCl-^ 4 
Supplement: Uiif>n ruftlimet-.M 
Blo -ks Xr^ Iniroriuce Pnme 
Niiinhi.rs to a Tliif i Hracir; 

Lnwer bracket'. af»:' .ippi?* 
tirarket'i 

Filni. !nequui;\ic< V\/ith Low^r 
Brackets .'-rancis X Corcoran, 
Gi iiHc 5 

^^^''..ppienierit. ArithfVic WitSi 
Frtiine*. 



F*ilrT>- A Pfifiodic Lattti i 
Phvlhs '.\, Kl. Cr;vU» 
Sut»oit:rn(»nt; Mor? Sj.HK'.tiof.s 
for I ottics-i 



Filrn: lntrotl«."Ction JO 

(LI- . , 

hln- S^me/Nrtilic-alOjicration^ CWM'-^-n Ma: c Ntmcmh., 
Phyllis h. KltiP. v.racJe *\ 

1 r:j;j;/ylU4 



Su;.ji.c'f ^t' Morei'tot.lmns 

C'o:t«positn.*i ot Nunioji 



1? 

Moie mitk witli cflif'cuil 

Fii, .: Fntn*e$ iuitl f'jontber Lint* 
Juin|#iiiy Holei O'^i vim;, 
<-.#iJe I 



Cj; ir* inQ ^qjaiitins ;vil!i !(»wt'r 

' ui i'ei t i.trkct , 
Film; Grapninu With S^uary 
Bracket? OavKj A. P«'U'\ Grade 5 

Line Jumplnt; Riiirs. Part C^uc 



14 

7 Wi- point', to two noi»'tt. cn a 

r .4 i: Comp<»tinq Ntimbei Line 
R.ul'-". Uavici P;i(»'\ ^iMde I 
Cupplomen*. araphm.^ fJumbor 
Miif? J'.(mp*r.g Rjli^s. ^^nt Two 



17 

Siniui;;-';'.»(^us e»..ualic.f)5; P^mt^, 
a :*l liri':> ir* h plunc 
Fil'u: Griipmrirt Abtoluie Va!ut» 
EifUaUons Mane L. Htrmaivi, 
GradP 2 

SupiJerneni: Craphtny 
Uimultafii'uu? Ent-it iur,?. 



Wi 

Number plane jumpir^^ rules 
f \\\vi' Jumpiny R jles in trie 
Plane, Paft I Lev Osuurn, 
Grade G 

S:jppl»jn<vn? Composinj 
Nt,int:or l.m? Rules to Move Two 
Pornt> to Two Points 

10 

Ku»rbef plane rules, conti'^ued 
rUiii Jumtiittci Rul€!i »n th« 
I'biie. P.»rt t; I »o OsbJfn, 

Gr3'jt> G 

Suppleinerit: More Work With 
Nunihci Plar»tJ 



ir, 



10 

"l^urr.Kincl '.n" V\ ■t^ C-.'nti:»-j'Oi 

Filtn; 5>uffjtcc Ar'iuVV.th Btncl's 

fiiipplonttnt Ur.' -j i'> » ^ 
Introduc*^ GMuf* l^ rt : ot 
Nuinernlion to o Fourtli Gfodt: 



i.)ri^{ '''.ili»^){' r»uin!«»;f liti'^ n»le5 
\ ilri: Rules M;>vti;j ,' wo Points 
A. P »'JH, Gi.tdf 13 

\. fM fi!. £x*".:^' *>of 



iJiscusMon uf last If^of.l 
r^.c*; Rotations in ,i.e Plane 

/\. iVi *'^ (Wadc 

Ju.itP'Jtii frctr. t'ic UiM%- to 
tli'f Pujn.' und ffO.T. rti: riniu- tu 
the l.iri(} 



2.4 Ma terials Mot Pr ovided 

The Course provides no materials for children. 

Groups presenting the training must provide a film projector and 
suitable room. 

3. CLASSROOM ACTION 



3« 1 T eacning-Learnin'j Strategy 

Project films and written lessons for teachers emphasize the tuacher 
assisting the children tv develop a mathematical idea by means of a 
sequence of problems which the teacher niak^is up to suit his or her own 
class. The films show tne cliis^room teacher writing a problem on the 
Chalkboard and asking students for an answer-. After individual students 
have responded to several variations of the uaiiie idea, the teacher asks 
thb class if anyone can suggest a pattern aujong the problems they have 
been doin^. Once the students have discovered the pattern and discussed 
it, the teacher suqjests more intricate versions of the saiue idea. 

The Course does not mandate this styla of teaching but rather sug- 
gests that all of the topics in the Course can be adapted to an individual 
teacher's own style, once the teacher truly understands the topic. 
Although all of the films show whole-class teaching, using only words 
and symbols on the cha' icboard— little y/ork with concrete objects— the 
developers consider the mathematical ideas translatable to small-group 
tedcning and to instruction that uses ccncreto objects. 

The Course's most pressing requirement is that participating teachers 
spend several hours a week doing assigned homework problems, writing 
their own similar problems, ana then as a group discussing their work. 
This rather considerable intellectual stretching is intended to give 
teachers the strength and versatility to adapt the Course topics to the 
needs of their own pupils and to their own teaching style. 

The Course instructions to discussion leaders underscore the devel- 
opers' faith that ordinal y teachers- -i/ they are stimulatad to think 
h'Vd about mathematics and conquer their fear of making inistakes--wiU 
be able to fashion these basic topics into specific lessons suiting their 
own pupils. 

The notion of presenting a [iiiatheiiiatical] idea through 
a series of problems is a subtle one. It does not come 
all at once. There is no formula for doing it, and no 
general instructions are really of much help. . . , 
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The real value in having teachers begin early to 
write problems is that writing problems, even imper- 
fect ones, helps teachers get started in their classes. 
Trying these ideas with their students is crucial if 
teachers are to learn about them and learn effective 
ways to teach them. 

The Course would not be appropriate for use by teacher educators 
who do not share the developers' confidence in the learning capacity 
of motivated teachers and the developers' reliance on discussion and 
problem sharing by a group of colearners rather than on lectures by a 
mathematical expert. 

Because the course is designed to be useful without 
expert mathematical guidance, the discussions are of 
particular importance. They enable the whole group to 
profit from the knowledge of those who have had more 
experience with mathematics, and from the intuition 
of those with special aptitude for the material. Any 
reasonable sized group will possess a diversity of 
backgrounds and talents. Exploiting this diversity ^ 
for the benefit of everyone is the discussion leader s 
task. It is not an easy one, but it can be exciting 
and rewarding. 

One of the first things you the discussion leader- 
should do is to be sure you have a class to teach. 
If your normal duties do not include teaching regularly, 
you should arrange during the institute to have a class 
of children to work with on these topics three or four 
times a week. The course will be immensely more 
effective if you are genuinely sharing with the other 
participants the process of learning how to teach these 
ideas to children. 



3 • 2 Typica l. Lesson 

A typical session of the Course is organized as follows: 

, ^ , , . f 2 minutes 

ntroduction to film • 25.45 minutes 

"i^^m.::::: ■ ■ ■ ■ 10-15 .mutes 

°Tbl ha;""^ . . 15-25 .mutes 

Return of corrected lesson (from minutes 

previous week) and discussion '0-'^ niinutes 

Talk about participants' 

classroom experiences 'J '•'J '"ini^^eb 
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While the Project does not advocate any specific teaching style, 
the following materials about the film "Standstill Points," specified 
for the third week of the Course, show the format used throughout. We 
include here only the first page of each section of the booklet a 
trainee receives in each session. 

Trainees use the sheet labeled Sumiavy of Ppoblma in the Filtn 
(Sample 1) while viewing the film; it is intended to help facilitate 
subsequent discussion. The Film Diooussion Uotee (Sample 2) are for 
the use of the discussion leaders. These notes are based on questions 
which teachers taking the Course have asked, and are designed to alert 
the leaders to possible areas of discussion. 

The written lesson (Sample 3) parallels the topic presented in 
the film and provides trainees an opportunity to work out for themselves 
problems similar to those seen in the film. These lessons may be done 
either before or after viewing the film. 

The returned homework is corrected and subsequently discussed, with 
particular attention to common points of error or apparent confusion. 

The Supplement (Sample 4) is intended to provide the teacher with 
additional resources for implementing the topic in her classroom or for 
adapting the topic to a particular teaching method or different grade 
level. Some Supplementa do. not parallel a film topic but present enrich- 
ment material . 
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Sample 1 

Summary of l^roblcnis in the Film 
*'Stantl rutin Points'' 



bth Grade, James Russell J.uv/ell School, Wiitcrlown, Massachusetts 

Teacher: David A. P^g^ 



Here is a jumping rule: □ — ^> 3 X fJ 

Start at 4; makr one- jump. V/hort; <lo you lan^l? (12) 

Miikn a jump from ?. . Where Oo you land ? Krorn 0? From j ? 

How 1 one tlu^ jump irox-n 4 to J2? From 2 to 6 ? From j to l^" V 

Froiii 0 ? 



Take ;i jump from /»i . Land? 
Now a jump from 7.3 . Land? 



[22 means *'nogcitive 2" or 
"minus 2" on a number line.] 



Usin^ a — > 3 X □ - 5 : 

Who can tell where to start so that yo\i land o/i 1 ? (2) 
How lonj; is thai jum))? 

Who can tell wlu re to start to land on 10 ? 

Find another place to start hcsides 2 where there is a jump that i*; 
J unit lonp. (0 is suggested; tins juitjp landci at 7.5 and. th.*t is the 
companion of the jump from b to 10) (/iiswer: 3) 
Try starting; at z2 . Land? ( 7.1 1 ) 
How lont; is the jump from 7.2 V 

Find a jump wlicr e you hack to tint same place. ( Z- ) 
(WrunR answers: 1^, 4) 



New Kule: □ 3 X □ ^ 19 

Wliere is llie plac^ that you start froir* t<^ land r\^(ln hack wl.orc you 



sturled? {0- ) (W? onj: •vinf;%vers (.oi:v.)\ited: 100, V\ 6-,, ^, 9 :^ • 1 ^ •) 



AccorJiiij: to yu-.n- m.Mhc)(\ wl;at v^o^ld i,*- t\- i^^rrr lh,'< yt- i f.lart frum in 
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Sample 2 



]• liin Discussion Notes 
"Standstill Points'* 



Preliminary infurinationt 

This class is a heterogeneous fifth grade frum the James Ru?«5»cll Lowell 
School in Watertown, Massachusetts, The teacher is David A.Page. Before 
this film, he had met with the class three or four times. The filming took 
place in March. |l-'ilm running time: 45min.] 

The discussion thai follows occurred in a previous institute. It in inten- 
ded to alert the n^oderator to possible questions. Most o£ these answers .vere 
given by participants. 

Q: Fairly early in the film the class was doing things like 
□ — > 3 X □ 19 , and somebody gave as her explanation: **You ju^U take 
the nuinbcr on the right and cut it in half, and you stay right there. But, wlven 
the teacher was going around asking people what the standstill point was, Terry 
said V/hat was going on there? 

A: Torry multiplied 19 by 2 instead of dividing it by I* 

Q: Nancy's answer was 6*^ . Where did that come from? 
A: Possibly she flivided the 19 by 3. 

Q: ''Why is the standstill point one less than the number? Hov/ 
coine it works? (The person who asked this question did not state the question 
clearly. What bhe really wanted to know was why you can find the standstill 
poi..t by dividing the last number in the rule by the number wliich is one less than 
the multiplier in that rule.) 

A: Since we arc hmking for a pUncc to start so that we will land at 
the t^atne place, wc can say that lor the. j.taml.still poijit the Ftartin^i number will 
equal the landing number. In ih\<^ particular i af.e tlu^ rub fJ ^ 3 X D - 19 
nwiy be lewriUena^ d — > U ^ ZXfl - IV. if v/e can find a starting nutti.. 
hi r for n .^u) thai A X M - 19 )>. ilicn tht.t 5»lartii.); number mu.st be 

a standr-.till point for Ihr ru^'*. (Why'^) 



ERIC 



56 



Sample 3 
WRITTEN LESSON 

I. SOMK NO J KS ABOUT PAilKN'THK.SKS , 

AND AbOUr WHAT TO DO WHKIM THEY AI'KN' T rilKRK 

What is 3 + 5X6 Is U 33 or -KS 

If you have 10 + 3 4 1 , it ili)cs!i't .naltrr wht'tJu v you do JO ♦ firdt, or 3 H I 



Now do iht-st- 




10 + 3 ) -t 1 



14 




10 4 ( 3 ^ 1 



14 



100 H (IX - 




2. 




100 4 1 )/. ^, 




3 X 3 ) ■( 3 



3 X (34 S 



b. 




6. 
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Sample 4 



Supplement 

Answers to Questions About the Film 
••Standstill Points^' 



Q: How did the teacher introduce negative numbers, and why were 
they labelled '^z" numbers? 

A: This clasa was introduced to negative numbers on an earlier day 
by working with the rule □ — > □ - 5 and making successive jumps. 
SciOn the rule required moving to the other side of zero. 

When a junip had been made into the region of the number line below 
zero, this class was asked what it would like to call the numbers there, 
Nancie said **V.cro-one, /cro-two, zero-three," which she suggested 
might be written 01, 02, 03. The teacher took the word "zero" and 
used the abbreviations zl , ^2 , z3 , thereby avoiding the confusion with 
devimals that might have occurred with Nancle's symbolism. He worked 
with this terminology lor two class hours. The third day he told the 
children thai ntnceforth he would call the numbers below zero nc?gative 
numbers and write -1 , -2, -3 , and so on. 

Other chisset; have selected the hHtcr b (for **below") as a symbol: 
bl , b2 , b3 , or lb , 2b , 3b , and so forth. 

Many children havti heard about negative numbers, if only from other 
children. Notice that one of the virtues of working with these unconventional 
symbols is that they can help make cioar the distinction between a 
used for the opi ration of subtraction, ;ind a usvd to mean **lhe 

opposite o''". A child who has done ?A0 - ii5 is in a better position 
to sec what is going on when he lirst faces -10 - (--S) • 
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BFST copy AM/MfiL£ 

3 . 3 Evaluation of Students 

There are no materials- or discassio.i raijarding evaliialioii of 
students. 

(3ee 5.3 - Prograir. Evaludtion). 

3 . 4 Qu t"Of -C I ass Prepara ti jn 

Each participant is given hu.iewcrk dssigni;:ents which parallel the 
topics presented on fihn. These written lessons, which take about two 
hours to complete, are to be done between class tneetings. They are 
marked by a "corrector" and discussed at the subsequent session. The 
[kiPpLtiTKyito contain many opport-jnities fcr optional math practice. 

Thp whole Course implies that a teacher will do considerable out- 
oi'-class preparation making up her own sequence of problems basc^d on 
what she has learned in the Course. 

The teacher is greatly encouraged, even expected, to "build on the 
materials, to do her own invention and u-y out things in her own class, 
things not specifically taught in the institute." It is also hoped 
that the teacher will share with the other train-ies accounts of problems 
and successes. 

4. IMPLEMENTATION. Hb'QUIREMEHTS AND COSTS 



4 . 1 School F acilities and Ar^ ancjenients 

The Course is designed to provide a school district or a teacher 
education institution with everything its own personnel will need to 
conduct instruction. The people who conduct the Course do not need to 
take special training or to hire consultants. 

The films and mimeoqraphed materials are intended to provide not 
only thp materials needed by the participants but also the instruction 
needed by tne local discussion kaJ.rr. who conducts the weekly sessions, 
and by the "corrector," who reau-^ cind comiT'cnts on the written lessons 
turned in by parti ciprUits. One leadnr and one corrector are usually 
appointed for each ten participants. However, in some cases, the tasks 
of discussion leader and "corrector" are performed by the same person. 
If the film-, are rented, the Course sponsor must schedule the showing 
of each fili.i so that it can bo returned the following day. 

Th«» Project offe>'s consL'lxant service? to interested colleges and 
scfiool districts; Project s'uaff wii! help set up the Course or teach a 
session. Assistance is available 24 nours a day by telephone. 
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4 . 2 Stude nt Prerequl sites 

The Arithmetic Projr-ct topics are supplotn^ntary » not in any particu- 
lar sequenco, ar.d not jiisigned to a particular c;rede level. Teachers^ 
participating in the Course are expectc-d to translate topics to practical 
teaching situation.-, in their own classrooms— grades 1 through 6. 

Each topiL- is illustrated by nieans of a film showing classroom 
teaching of the topic with c! specific class. Most of these films show 
fifth-grade pupib:, but that does not mean that the developers consider 
these topics appropriate only or inainly for fift!) graders. The devalopers 
expect participant tecichar.s to know tlie mathematical abilities of their 
students and, f:'nrcu9li the experience of their own learning of the topics, 
to select appropi-iate one:, and present tnein appropnatcily to their own 
pupils. 

While skill and experience in assessing students' learning levels 
is not a prerequisite, the Course does deiiianJ a teacher's conviction that 
such assessi'.ients arc vital and realistic aspects of the teaching act, 
and willingness to worl.. hard to learn thii; skill. Through its require- 
ment that teaohero solve homework pr'oblems and write problems for their 
students, the Course aiiiis to give participants insight into the pre- 
requisite skirii, and c.-ncepts for each topic* and practice in designing 
learning experiences f-"or their own pupils that will guide the pupils' 
grasp of tfie topic. 

Teacher Prerequisite:^ 

Particip?.pts in the inservice Course should be concurrently teaching 
a mathematics class for eie.nentary pupils s.o ttiat they can experiment 
with and practice skills <j:i1ned from th..' sessions. Teachers should be 
prepared to spend about two hours a week completing homework assignments. 

4 . 4 Backtj round -viicl T^^cu n i_t 1 2. of Otjier Persotine l 

The discussio'i leaders and correctors who conduct institutes using 
the Course '.l-ould rtive d "better tlian average background in math," and 
be ''intera<.ted in helping others improve their mathematics teaching." _ 
Previous f-;:peri'}n(je v/ith the Course or with modern math is not essential. 

Tnc discussior. U;,ide.- nrouid be teaching a clasj of elementary 
students on whoiii to try out the pro-) 1 em sequences presented in the Course, 
this qaining undcrsl-a'-c' ;ng of the task of transferring the topics to a 
particular clas^'ooni. B.)th the diiicussion leader and the corrector should 
activelv partici,:d'.e In the '.'ourse by doing all the written lessons. 

The discusMO'i le.".!rir should be familiar with the district syllabus 
and the textbooKs .t pt og, bei-Kj ufved by the Leacfior participants so 
as to bo able to holp cuaciNrrs adapt topics to the curriculum. 
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The discussion leader's experience and talent as a facilitator of 
teachers' learning seem indispensable to the success of this Course. 
The discussion leader's priority task is defined as drawing out ideas 
from participants, not putting in facts. Similarly, the corrector's 
task is defined as helping participants learn from their mistakes, not 
certifying the level of their achievement. 
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4,6 Demonstration Sites 

The following is a partial list of school systems, colleges, and 
universities who have used the Arithmetic Project Course. Further 
information can be obtained from the education Development Center. 

Alaska: Anchorage Borough School District 

Anchorage, Ala. 

Connecticut: EDC Bridgeport Pilot Communities Project 

Bridgeport, Conn. 

Illinois: University of Illinois 

Champaign, 111. 

Malaysia: Seameo Regional Centre for Education 

in Science and Mathematics 
Penang, Malaysia 

Montana: Western Montana College 

Dillon, Mont. 

Nebraska: Chadron State ^ lege 

Chadron, Neb. 

North Carolina: University of North Carolina 

Chapel Hill, N.C. 



5. PROGRAM DEVELOPMENT AND EVALUATION 



5.1 Program Development 

In an attempt to upgrade tjlementary level mathematics teaching, 
David A. Page and mathematician colleagues et the University of Illinois 
Curriculum Laboratory in 1958 began inventing and developing new topics 
in mathematics for the elementary grades. The products sought were not 
mere "new math" but rather fresh and interesting ways to present arith- 
metic basics. The project was located, however, at the curriculum 
laboratory directed by Max Beberman, "father of the new math." The 
project was supported by the Carnegie Corporation of New York. 

Five years later, in 1953, the Arithmetic Project was invited by 
the EducaJon Development Center to develop Course materials for teachers 
that would enable nonspecial 1st toctchers to teach topics in their own 
classrooms. This second phase was funded by the National Science 
Foundation, 

A number of topics were tried out in classroom situations, and of 
these, ten were selected for inclusion In the Course for teachers. The 
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basis for selection was that they were mathematically rich, could be 
taught by teachers with an average background in math, and were found 

"to engage the interns i ana ipiagi nation of children [ana J a'^e not too 
hard for children to S'^lve. . 

To introduce U.s materials to tedchers,the Project prepared an 
inservice Course that w-is self-contained and could be given without 
expert niatheinaticol 'jui dance. Completed materials were first published 
in 1%3; a revised edition was released in T^73. The Course, formerly 
called the University of Illinois Arithmetic Project, later became The 
Arithmetic Project Course tor Teachers. 

• 2 D^yejoper ' s H v al uat i on 

Mo formal eV'Vidat-*on has been made that shows whether or not the 
Courses for teachers are successful in transmitting their ideas to the 
trainees or whether there is transfer from the Course to the classroom. 
This may be a serious lack in the minds of evaluation-conscious admin- 
istrators Project staff at EDO report personal observations that more 
than one-half oF the trainees do use tha topics in the classroom on at 
leas^. an occasional basis. 

A questinnnavn: is given to the discussion leaders of all Courses. 
They are asked whether or not trainees are using in their classrooms the 
topics and methods discussed in the Arithmetic Project Course. 

From the r^isponses cf the leaders, it appears that the extent to 
which a teacher us&b Project Lr.pics in the classroom depends on the 
interests of bctn teacher and studenis. The questionnaires state that 
from one-half to "almost all" have tried some of the ideas in the class- 
room It is the developer's belief that teachers who complete the course 
"might be ablo ..:o devote a fourth or more of their arithmetic class time 
to pursuing Proir-ct materia is." 

One attaMipl. has besn made to see whether students increase their ^ 
knowledge of mathematics when taught the topics and methods of the Project. 
Standardized pre- and posttests (Stanford Achievement Tfst and Metro- 
oolitan Achievci.iftnt Test) were given to elementary pupils taught by 
Project scoff iiembcrs (not teacher trainees) to elementary pupils In 
Watertown, Massachunetta in 1968. The developer states the test showed 
that r.hp comoutnional sKiUs of t^-*e students increased an average of 
one full grade comoarod to the two control groups. Thiey emphasize, 
however, that standardized tests are not available to test the topics 
developed by the Project. 

5 . 3 Conmervts_o n__l^^ 

At tiie pnd o+ eau^ Course the leaders are asked for comments con- 
cerninq the Cou»-se. While most of the responses describe the Course as 
"very good" --nd "oxcnpeof thare are some specific criticisms. A number 
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of participants stated that not enough b ' Mtion was paid to primary 
teachers (K-2) and that the appeal of tl-e Course was limited. Regarding 
the mathematics involved, one leader wrote: "The course assumes a 
certain amount of basic mathematics knowledge. It seems to me it is 
actually a aeoond course for most teachers." Other participants stated 
they often could not see the mathematical rationale involved and ques- 
tioned using a newly contrived terminology for well-known concepts. 

The films are occasionally criticized as being too long, having 
little relevance to the topic of the week, and being redundant about 
the same topic. However, many leaders felt the films demonstrated an 
effective method of teaching and had a "definite, positive impact on 
teachers." 

Despite such criticisms of the Course, many teachers speak posi- 
tively of their experience usirj in their classrooms the methods they 
have seen in Project films. "Third graders became enthusiastic \/ith 
the idea of playing a game in mathematics," "The students were all 
excited," "The sixth graders have developed a new atticude toward math— 
not all drudgery— they now feel math can be fun." These are typical 
of the comments made. 

Their own successful experience with inathematics gives many partici- 
pants a better understanding of the problems children are encountering, 
and a new-found confidence in their own ability. 

5 . 4 Project Funding 

The University of Illinois Arithmetic Project was initially supported 
by the Carnegie Corporation of New York. Subsequent funding was obtained 
from the National Science Foundation and the Ford Foundation. 

5.5 Project Staff 

David A. Page, professor of mathematics. University of Illinois 
at Chicago Circle was the originator of the Project. 

Jack Churchill, Associate Director, University of Illinois Arithmetic 
Project, Education Development Center, 55 Chapel St., Newton, Mass. 02160 
is presently in charge of the Project and the person to whom further 
inquiries should be directed. 
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NUFFIELD MATHEMATICS PROJECT 
and 

MATHEMATICS FOR SCHOOLS 



06/6 7 



BEST COPY AVAILABLE 

INTRODUCTION 



A 'ji*cui- vj" lO-yeu^'-olda licid aolleated : manbei* of bird 
ayuii ■.lydrtul akulla and wanted to maaaut*^ iha capaaitiea 
of tha hi'ain cavities;. They d^vi'jed a rnathod of mu" 
Quving thm — fillinu the skull uaoitiea with eand — 
ivid then had to make a rubio aontainav for measuring^ 
the aand. A oubia inch woi-^k^d for the cat and rabbit 
s}oaII_, hiit Yiot for the biid's ahull , so they worked out 
a qimrtet'-inoh aontainer. . . . ii'co adult a would have 
bi-rn able to devise ua elegant and simple a aolution 
to a difficult question of measurement, 

A tc-iaoher. , ,aj/id she began by deciding to buss all 
teaahir.g on the vrernla^ tfnt no ohild ahould be aaked 
to aoaepc a mathematiaal truth on her aut}iovityj whioh 
meant that she 'nod vo arrange mttere ao children 
could leai'K from themeelvea, . , . She disaovt.'i'ed that 
whenever possible it was beat to use Tuaaerial from 
the imnediatc environment: leaves from treea were a 
better "apparatus" for understanding perimeter and 
ai'ea tluxn rootangles, ao her pupils fitted string along 
the edges of leaves ^ arid got the ai^ea by laying the 
leaves on flat pieces of paper mai'ked off in aquare 
units. After a timet she estimated, the children were 
spending about a third of the time experimenting with 
materials, a thiyd of the time diaauaaing V^iat they 
found with each other and the teacher, and a third 
praatiaing skills. She found little difference in 
their computation hvrk. They began detailed explora- 
tions: "From a study of making polygons rigid, came 
an interest in bridges and towers; from teaaelation 
with hexagons (vme an interest in bees, patchwook 
quiltipg, ■iru^ modern arohi tec turn-, ..." 

Joseph Featherstone described the teaching of mathematics In English 
primary schools in a series of articles in The New Republic in 1967 and 
1963, from which the paragraphs above are quoted.' His and other observers' 
reports of the active-learning innovations in England have deeply Influ- 
enced Afnerican schools. Now two mat hematics programs which have grown 
out of the English informal schools movement are available in the United 
States: the ^luf-'ield S'aihematics Teachiru Pi'cject, and Mathmatica for 
Scl^oU. Doth programs are designed to alter traditional mathematics so 
that children can see tne mathematical implications of everyday situations 
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and conduct mathematical investigations. Real-life objects are used, 
and problems are posed stemming from children's own interests, in the 
belifjf that school work of this kind makes children purposeful and 
self-directi ng. 

Both programs are described in this one report so that their simi- 
larities and differences can stand out. The Nuffield publications are 
aimed at the teacher and are not "potted lessons," in Featherstone's 
phrase, but rather explanations of math topics, plus suggestions that 
teachers can use to design lessons. Mathematics for Schools is a com- 
plete, K-6 mathematics curriculum. There are detailed instructions that 
tell the teacher what to do throughout each lesson, and exercise books 
for the students. 

Teachers using either program will need to adapt them to American 
ways--or perhaps to learn some English ways. In either case, they will 
find that active-learning math demands far more preparation time, organ- 
ization, flexibility, attentiveness, and responsiveness to students as 
individuals, than does a conventional curriculum. 
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BASIC INFORMATION 



Pi>o(ji>Mn ncanes: Nuffield Mathematics Project and Mathematics for Schools 

Nuffielc': Series of 13 guidebooks for teachers, organized into 3 
parallel "streams" running from age 5 to 13: computation, algebra, 
and qeuiiietry. Also guides for supplementary topics, 3 sets of 
activity cards, and 20 project manuals for upper elementary and 
junior high students. 

Mathematics for Schools: Six manuals for teachers containing lessons 
for age 5 to 13, and 12 student workbooks. 

Vyi-Ujurntiss: Traditional and modern math topics presented through 
children's experiences with manipulative objects and activities in 
their ow surroundings. This is the active-learning approach 
identified with the informal, "integrated day" English ^-nmary 
schools. 

Content: Sets, counting, arithmetic, operations, measurement. Integers, 
geometry, algebra, fractions, decimals, statistics, probability, and 
functions. 

Suggested use: 

Nuffield: Teacher uses guidebooks and inservice training to design 
lessons which fit into the standard curriculum, or to design whole 
new curriculun'. 

Mathematics for Schools: Complete mathematics curriculum. 

Taj>:J^t oMdi^rui^: For both programs, students of all ability levels, 
ages 5-13. 

L-mjth of uae: 

Nuffield: At teacher's discretion. 

Mathematics for Schools: Math period daily throughout eighth grade. 

Auis for- teaakppi- : Both programs include a series of teachers' guides. 
In' England inservice training accompanies introduction of these pro- 
grans. In th» United States training in active- learning approach to 
mathematics i^ strongly urged. 

Date of uublUvitio ': 

Nuffield: Publication began in 1967; not all materials are yet avail- 
able in the United States. 
Mathematics for Schools: 1970-74. 
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; ' !. Lova/Deve lopevs : 

Nuffield: The Nuffield Foundation and the Schools Council, Nuffield 

Lodge, Regents Park, London N.W.I, England. 
Mathematics for Schools: Addison- Wesley Publishers Ltd., West End 

House, 11 Hills Place, London, England. The late Harold Fletcher 

was senior author of the program. 

Nuffield: John Wiley & Sons, Inc., 605 Third Ave., New York, N.Y. 
10016. 

Mathematics for Schools: Addi son-Wesley Publishing Co., International 
Division Headquarters South St., Reading, Mass, 01867. 
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1 . GOALS a:jd rationale 

BEST COPV WAllABLE 

1 . I God 1 3 



"The Vicloridii rJerk» sitting on a 'jtool in a counting house, 
kept his ledyers meticulously," the Nuffield developers recall. "Me 
wrote- in beautiful copperplate, his iriimaculats figures were neatly 
underlined, and his cdiculations were always accurate. . . . Elementary 
education as it then existed encourucjed the growth of these skills."* 
In the twentieth century, v/hen "the pace of life began to quicken," 
elementary schools took on the responsibility of teiichiny speed in 
addition to neatno^jS arid accuracy, but the arithmetic was basically the 
same. 

Now, however, the aye of computers renders both the Victorian and 
the twentietn c^iiitury clerk nearly obsolete, and there is need for 
"people who can -iL'.ess situations, who can formulate and solve problems." 
The value of uMthematic: for the average person thus is to gain not 
coiiiputation rskill l>ut intellectual pov/er. Even more, "Mathematics offers 
a way of ordering all experience" because it reveals pattern and rela- 
tionr.hips~-desthetic and philosophical insights. Elementary-school math- 
ematics today ou^jht to be a fuller thitiy, then; not just arithmetic. 
And it should be pleasurable, not dreaded. If these changes are made in 
early school years, mathematics can be opened up to all students, not 
just those WHO may become professional mathematicians, scientists, and 
engineers. 

Both the Nuffield Mathematics Project and Mathematics for Schools 
intend to broaden the content of the mathematics taught in the elementary 
school, a. id to change the manner in which students experience math. The 
two programs ei;ipiiitsize dn active-learning approach. What the student 
should nain trci active, naturalistic, modern math is summed up by Edith 
E. Biggs, one of the oi^iqinators of this approach. 

Our aims. . .are to give our students (1) the opportunity 
to think fo," themselves.. (2) the opportunity to appreciate 
the ordfjr and pcUi:ern which is the essence of mathematics, 
not only iii tjuj inofi-nade but in the natural world, as well, 

and '3; cne nc?ecicd ski Us. 2 

Joseph Feather^itone lists the active- learning ieacher's criteria 
for a good thinker : 'Con'-idence, concentration, and an ability to make 
informed rather than hapiidiard guesi;es and estimates; mental habits of 
synthesizing id?^ai- and I'Mking analogies; the capacity to communicate 
thoughts and feelir.gs in various v\'ays."3 

*Unles'j otherwise indicated, all quotations are drawn from materials 
issued by the developer'-, 
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BKT COPIt AmiABU 



To these cognitive aisns <ire added the intention to make math 
practical and bound up with real-life experiences and interests of 
youngsters. In this way developo.cs hope to chang.'^ children's attitudes 
toward maih from boredom, feixr, and feelings of inadequacy to enjoyment, 
purposeful ness, and confidence- -what Harold Fletcher, senior author of 
Mathematics for Schools, called an "I'll have a go at it!" attitude. 

The English educators' use of the word yx-:edo:n to mean info2'mality 

is frequently misuiidevstood by AnKM-'iciM^i, as is pointed out by 

Featiierstone in his comments on Amerlcini adaptations of the British 
active learning approach. 

Letting children talk and ir.ov^^ about is helpful ir 
establishing a setting it; v.'hi«:h the tenclier can find 
out about students; it hel,j:^ children to learn actively, 
to get the iiabit of frai.iing purposes 1 i.dependently, 
using ttieir own Judgment. L'jl xnii freedom is a means 
to an end, noc a goal in itself. . . . Informality is 
pointless unisiss it I'-uds 1:0 intoi lectual stii.iuldCion. 
Many ciiildren in [America!.] 'Tre^' .srhoo".:; are i.ot 
happy, and one suspectu ttiat part of the reason is that 
they u.-e bored with their own lack of intellectual 
progress. 4 

Both Nuffield and Mathematics for Schools recognizu the ability of 
young children to grasp t!ie "purity a?Ki ordijr ' of niathematicu--its 
abstractness--if encouraged to do Edith 3igys r-ays that making this 
aspect of mathematicf. avai"'able to averaq-j as w^ill as bright children 
can result in the early discovery of unujual crfjativity and persistence 
in some students who do not show other :iignj of high intelligence. In 
practice, however, teachers v.-ho themselves lack I'athematical confidence 
tend to "condemn children to the ctL-rnally mundane— the postman and the 
candy shop," ^eathe^stone observed. 5 Thus Harold Fletcher, putting 
together Mathematics for Schouir. after his experience in the Nuffield 
Project, was determined tc strrjss mcith's patterns more than its prac- 
ticality. "I prel'er A'.',:c;;itr7/L^/. ■ -.3 to the of mathematics," 
Fletcher declared. 

Preparing students for rvithemat.'cs in British secondary schools is 
a high priority for developers 0? boti. prcgrarr.s. First, students must 
be enabled to pass the national examinations for entrance into secondary 
school. But, of equal importarice, ti^ey must build deep conceptual 
foundations during their middle yeari fur ihe advanced algebra and 
geometry they will encounter in r,e:ondary :>chool . 

Although the programs --hare mt^ny liinnlarities, they differ in the 
stress they place on individuol ized leaioing. Because the Nuffield Pro- 
jict set a goal of helpino teachers identify every student's individual 
learning stage and style and d&signed a learning program to fit, it 
offers a teacher sugqesr.i ons rather than set le'jsons. Tn contrast, 
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Matneinatics for SchooU did not attempt this complete individualization, 
.and provides instead a standard curriculum with options for flexible 
pacirr;. 

1 . 2 Rationale 

By dedicating i t-i series of teGchr.»r's guidkrS '. * che Swiss psycholo- 
•ji-jt Jean PiageL, the Nuffield Projc-ct acknowleUgcs that it borrows its 
fundamental approach from his theorie?; about the stages of growth which 
children pa'^s through in developing thinkiny power. As an adaptation 
of Nuffield, iMatheiiiaiics for Schools is based on Piagetian theory too. 

In ooth programs t!ie curriculum unixs for early years are designed 
to etitjage and sTiiOulate children who ar-e in the stage of intuitive 
in 'fi'dM-M they gather information from the appearances of 
objeccs or events rather than by testing their real nature. By experi- 
encincj, understanding, and assimilating a rich variety of things, places, 
and happenings, children prepare themselves for the stage of aonaveu 
ovcrj.bionG, 1n which they can woi'k investigatively with pi-oblems that 
involve the use of objects they can manipulate. According to Piaget, 
each child's muvement through these stages is individual but the general 
pattern is that it takes until the age of 11 or 12 for the cfiild to be 
able to leavn f^'om abstracted information right away instead of from 
concrete experience fol lowed by concepts. Piaget's theory is the basia 
for both programs' emphasis on children's play-like work with a great 
variety of materials—sand and water, objects for counting, shapes, 
devices for measuri '!J--and on the teacher's Jltirxussin^ the meanings of 
children's own exptiri^nces , rather than tailing them rules and formulas. 

In the Nuffield Project Pianet's theory is also used as the rationale 
for recommending that ijeachers regularly diagnose each child's level of 
learning and cu'jtcm dssicin his learning activities. Additionally, Piaget 
is the basis Tor their series of diagnostic guidebooks. In contrast. 
Mathematics fo^ Schools .ets forth a standard curriculum without any 
diagnostic test:;. This may indicate that these authors attach less 
importance to the teacher's irryiiig to chart a Piagetian learning path 
for each '.hild separately. 

Both programs sh.-.re i:hf? icodorn iTiathematician's rationale for teaching 
children niorc-rmaU-. chan is comprehended in arithmetic, both becausejt 
■is inherently i nc^rruu rnc to children and because aritJinietic alone is 
no longer adcqi.<5te p'.-epw>rat ion fur later life. 



'i. CONTtNT Af'!D MA'rFIUALS 



^ • 1 P oiLt£-"i Fuc\iS 

Muf field Project writers describe the mathematical content of their 
work as "drav.'iug ioj-ieitior bcrr. of the ntw and the best of the old." 
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However, they emphasize that they intend the teacher to focus on hou 
children learn, not M^/rt they learn, and in any even": it is le.t to the 
teacher and headtear.her to select which of the Nuffield topics to teach, 
Nuffield developers accept the real possibility that tSe school people^ 
will leave out most of the new stuff, and use the guides only for enrich- 
ment" at first. Be that as it may, the following list of topics covered 
in the Nuffield guides conveys their incentiun t.^ gradually iriociarnize 
th2 traditional curriculum, not only in iv.etliodoiogy but also In content. 

Topios fji' age.'} -? 9 in A'-i/./'-'-t^L' qu-UUh: 

Number work: sets, counting, addition, multiplication* 
number line, subtraction, and modular arithmetic. 

"Environmental" work: weight and volume, lennth and area. 

Geometrical work: "shape and size," ?.traight lines, angles, 
vertical ity, horizontal ity, perspective, symmetry, and 
patterns. 

Pictorial representation and graplis: open sentences, truth 
sets, Cartesian coordinatyi, and graphs. 

'Tovi'js ?ov agea 9 to Ih in IhiyyUld juidi^s: 

Arithiiietic: positive and ncyonive numbers (integers), 
subtraction, division, fractions, decimals, indices, and 
large numbers. 

Geometry: rigid and non-rigid shapes, symmetry, rotations, 
reflections, translations, tesel lutions, two-diir.ensional 
patterns, vectors, iiivariants, relationships (squares, 
cubes, circles), similav-ity and ratio, and topology. 

Algebra: symbolic forms of arithmetic and geometry, graphs 
of inequalities, intersection of two graphs, graphs using 
integars, mechanics, speed and gradient, and functions. 

Probability ani Statistics. 

A booklet designed to present the rationale for modern math to 
parents gives Nuffield definHions or the elementary level topics as 
well as the Nuffield designers' plan of now the various topics at 
various levels reinforce each other. This is Your Child and Mafhetnatias 
by Professor W. H. Cockcroft, chairman of the Project's consultative 
conuiiittee. 

All of these [arithmetic, geometry, and algebra] are 
woven together; none can stand separately. . . . The 
aim is to leach children to see mathematics as a unified 
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way of thlMkiny about the world, noL as a separate 
collecr. ;on o-^" tochnic.al subjects. ... In each of 
•.ri,v;i ii.md- eve, a'.d tnougtit all ha\.e a part to play. 

This booi'.k".., wi'iti.^ii toi tt aditional-aritliU'etic-niinded parents, 
should be indispensdbiG lo teachci-i . Together with the index topics, 
'..'u: jc- it j..n .•.ei'vo as d syllabus of the iiiatl'ieinatics covered 

in the guides tor a:it.?. 6-1 1. Cockcroft makes clear that the ideal use 
of the hiatei'lai Im the uuides is to fit ic into a stroiiij, comprehensive 
mathematics Trdnr.ewofi. of a dncidedly modern desiyii. 

A good ueal of tiiiip'-iasi s i.^ ;jH'en throughout the guides to the 
importance and the natui-e of the geometry which is presented. 

As yo'j ■A'ill ^ee. tins [.\cti ve-le-?.rningj approach brings 
idow'^s previously t/eateU in geometry lessons at the age 
oMi ur il' Lo e much lower age group. Of course, to 
do i.iiii, ttie treatment of the wjrk must change. . . . 
One do2.; .lo^; expect priiiiary school children to be 
pfOviMi] f.hooins." Oi'iH does expect tiitiii to be 
dev«-:>i joiiuj froin practical expt-'rience, on understanding 
of Odiic Ibeorencal geoineti^ical concepts. 

In middle <.choci years (oues to 13), "this marridge of practical 
geometrical work v-'i^n Ll^eoretical work" will be accomplished through 
"the theoretical intcpr'jt^t-ion of turning, moving, reflecting, and so 
on." Cockcroft ais-j txplains the I'eason for introducing algebra to 
children-, it is c. sy/ioolic system to bo U5c:a to express the patterns, 
and the .'ules that ■,-":n moQ about those patterns, in both arithmetic 
and geometry. 

It i> >: the 'jbieLt of the Nuffield Project to give 
hloiiiy uoLt\-:Zt cyiiibalic algebraic work to middle 
school chi id- r-n. bvi it U [rather] to see that they 
leave iiiiddV' schoo'i -iware of many of the algebraic 
patterns pr'-.sc"il: i;; .ill their i-.'ork. . . . 

T^Jac^^•:rs ir. i ;vj vi'-''-^*--^ frequently neglect the theoretical 

fv';p'^.ases wMch ..'urr. i .ituniloJ oy ';h- L'.h-riculun-; designers, probably because 
the teacners 6\ no': t ii'i'.n^ p • mcar^r.aiid the abstractness of modern 
..lotiKiPidtics. ■'■pe lat-! - i'l rM'tchor attempted to remedy this not only 
by educating tfea:.i:fir. <■hi^. .■.•ju'-'->os for tcach^-rs were famous throughout 
England) but by rombiivincj ni? f-.,.;f-''i jid ard his teaclier education experi- 
ences into ci si:r-jctur.)l 'ji.ir* iculun; series. This series. Mathematics for 
Schools, covers barically the same topics as have been listed for the 
Nuffield guides 

2 . 2 Coniven t__^i nd J i q ; n ; ' j L : o ; -if th/j 'ubd-- '/isjoris 

"it**f-_ams* "ip '■Iic?_;'u;'t cjujde: . The nondi recti veness of Nuf field's 
pres^^ntrt'i u^'"''?l'JJ^•^^(JV'J^"' ,:7urprft'.f''j tj incMn that the guides themselves 
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have no structure. There is a sophisticated, iyitcnd.ed framework on 
which suggested activities are to be hung. Whether teachers use this 
subtle framework or one simildr, or construct their own, depends on 
their own experience in teaching and in mathematics and on the curriculum 
structure and teacher-siupporting resources of the schools in which they 
work. The guides assume the existence in England of teachers' centres, 
where the Nuffield topics are explained by a mat hematics consultant, 
discussed, changed, fleshed out, tailored to individual classrooms, and 
practiced. 

The guides are f^rganiiied iM.o three "it^^aarns," which run from 
beginning through advanced levels: Coinputation and Structure (Books 
1-5), Shape and Size (Books 1-5), Graphs Leading to Algebra (Books 1-3). 
Computation Is symbolized by a circle. Shape by a triangle, and Graphs 
by a square. All guides except Book 5 in Shape are available in the 
United States; publishers expect this gu^de to be available in late 1974. 
The material in each stream rises and broadens in difficulty and com- 
plexity from age 5 till age 13. Thus, in general, topici are meant to 
be taught in the order in which they appear ro a book, a.id booka within 
a stream are to be taught in order. However, the three streama have to 
be intermingled. Suggestions for doing this a^^e offered by means of 
references from one topic to other topics in different books. Inter- 
mingling is complicated by the fact that the streams do not begin at the 
same age level, and they advance at differing rates. Thus, nraphv 2 
presnets more difficult material than Cvmpubation 2 or shav^ 2. 
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The following is a chart of the topics which appear as teaching 
units in the Nuffield streams^ 



Computation & Structure 



Shape & Size 



Graphs Leading to Algebra 



Book 1 relat1o?u>, sortiny, 1 to 1 
correspoiiden- e, conserva- 
tion of number, ordering, 
counting, numerals, number 
strip, addition, i^iappinq, 
presubtraction (ages 5-7) 



sand and water play; 
pictu>"o, pattern, and 
model inakinij; music, 
movement; bricks, con- 
structional play {ages 
5-7) 



block graphs: interpreting, 
using for computation and 
for science reports; graphs 
showing sets, inequalities, 
imputation, measurement 
( iges 5-10) 



Book 2 development of natural 
numbers, longr.h, wtighL, 
capficity, adtiition, 
place value, tine, 
nioney (a?jes 6-B) 



3-dimensiondl space: 
volume and capacity; 
Z-dink'^nsional space: 
synjivcrtry and regular 
shcjpos, area, right 
angleo and half right 
anylos, perpendicular 
cind parallel lines 
(ages 6-9) 



coordinates, open sentences 
and truth sets; graphs of 
inequalities, intersections, 
and coordinates using the 
integers; open sentences 
and graphs (ages 8-13) 



Book 3 additior. to bios nrjd 

problems, co^n-Tiutativity* 
associativity, subtrac- 
tion, mul ti pl ica Li o|^r^ 
simple sharing, faFoi'^ 
and priiiios, fr^ctirns 
(ages 7-11 ) 



area, volume, parallels 
and -ingles, circles, 
tesellations, reflec- 
tiunal symmetry, 
rt jular polygons, 
trdni>lations (ages 
7-11) 



rational numbers, simulta- 
neous equations, simple 
linear programming (ages 
11-13) 



Book 4 extension of place vali/e, 
modular arithmetic, 
integers, application of 
integers, large nuuil):. ri. 
and indices ( AgcS lU-l j) 



?-dinons'ional patterns, 
v^»cLor5. , invariants, 
siimlarily, relations- 
area to volume, etc, , 
i.:o'J;-l i;,:king, enlarye- 
i.>ei:t:i (cicjos 11-13} 



Book S addition ')i utciM-al 

numbers, rd':ionjl Miii.bC'ri; 
as equivdl'rivre cla^:i . of 
ordered pair'> n.-^^-ur^n 
nunib'ir.^ fiiif! ui ;)0':!uS on 
d n'jiKb'.M' 1 irio, c;rJr ring 
and four fundainonto ; 
operution: lC-1 0 



Publishers expect this 
quiuc tw l»o available 
for distribution in 
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A Nuffield unit . Nuffield guides address the teacher, not the 
student directly. Each guide if^ divided into sections; each section is 
devoted to a single mathematical topic. Tl.aue sections are similar to 
units in an American textbook series. A section explains the mathematics 
of the topic to be taught and presents suggiiStions f^r activities through 
which students can first cic;'.>'i:K.:.i the v/crkiny of the concept and then 
■:rult^::^ v/hdt is happening and discover patterns. The suggestioris include 
(a^ descriptions of how to introduce topics, poso problems, and initiate 
student activities; (b) assignments which car be cupiea onto cards and 
handed out to individuals or groups uf students to do by themselves; 
(c) ideas to be covered In teacher/student di';cuss1ons; and (d) repro- 
ductions of pictures, stories, graphs, and sur.is done by children in 
Nuffield classrooms. 

The series also Includes a s^t uf 'wc.ivina" guides which are like 
supplementary or enrichment units mi an Amet^ican curriculum. General 
guides present an overall view of tiie stries and -jxplain hov^ elements 
Interrelate. Modules, each consistino of a short teacher guide and student 
task card, cover ielect=sd supplement?. ry topics for il- t: 13-year-olds. 
The curriculum also include's three s«ts of problems for this age group. 

Units and levels in Math£m atics_i-Jri.Schoolji.. Tht Fletcher wri ting 
group"Tabe'!ed their work an -integratea si^ries' t'j distinguish it from 
the Nuffield Guides' three strtams and do-it-youi -alf approach. Math- 
ematics for Schools arranges Wessons into Level 1 (corresponding to thu 
nongraded English "infant school "—ages 5 through 7) and Level il 
("junior school" and first two yea;-, of secunda.y school— ages / througn 
13). Within Level II there ire five '-.uul-iivels. The lists on the 
following pages show the topics treated within each level and r.-.a^ce 
clear the spiral i'.ig sequencing anJ the interweaving of computation, 
algebra, and geor,.etry, similar ^o that in Nuffield. Each title in a 
list is the name of a unit (caiU-u a .^eni^r in the Teacher s Resource 
Book\ A unit mey contain from on8 to ten lesso.v:, each consisting of 
developmental cvtivity, d1scui5ioni , and -jxerciso pages. The exercises 
for several units are combi'ied into booklets called ChiUhp-Ju't^ F^ooks, 
of which there are seven in Lev(^*i I, and ten in Lsvel 11. 
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Units for primary level (ages 5-7) in MrHhematics fc Schools 
(listed in the order in which they appear in the teacher's manual ): 

Introduction to Sets 

Sets and Subsets 

Solid Shapes 

The Idea of Matching 

Cardinal Numbei t 2, 4 > 3, 5, 1 

Ordering Cardinal Numbers: 1-5 

Cardinal Number and Sequential Patterns: 0, 6, 7, 8, 9, 10 
Cardinal Number: 1-10 
Solid Shape 

Pre-Measurement Activities: Length (meters) 

Introduction to Addition (number line, mapping) 

Basic Addition Facts: Totals to 10 

Comparison: Taking Away, Adding On 

2-Digit Numbers: Introduction 

Measurement Activities: Capacity, Mass 

Counting THdition by counting on a number line) 

Counting O'' v. :. Addition 

Counting Back and "Taking Away" 

"Taking Away" and Addition: Exchange and Coin Recognition 

(vertical addition and subtraction) 
"Sets Of" (comit'utative property of multiplication) 
Sharing ^ ^ ^ 

Algebraic Relations: Open Sentences and Truth Sets 
Addition: Commutative and Associative 

Measurement Activities (height, length, mass, capacity, time) 

Solids: Volume, Faces, Plane Shapes 

Algebraic Relations: Open Sentences and Truth Sets 

Plane Shapes: Covering Surfaces 

Algebraic Relations; Inequalities 

Plane Shapes: Conservation, Vertices, Edges 

Open Sentences and Truth Sets 

Symmetry 
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Level II (4ge$ 7-13) in Mathematics tor ^khools; 



Book 



Tdllyinq dnd Addition 
Difference and "Take Away" 
Enrichment; Number ^acts 
Addresses and Regions 
Measurement: Lerigtn (m and cm) 

and Mii^,s (g) 
MuUiplii:ation 
MeasurentMit: Time 
Shdring 
Symmetry 

Addition: Tens and Units 

Book 3 

Statistics 

Addition: Hundreds, Tens, and 

Units 
Statistics 

Measurement: Area (cin^j 
Difference-. Hundiods, Tens, and 
Units 

Measurement: Mass and h(j) 

Multiplication 

Angles 

Number Patterns 



Bouk 5 



Basos 

Stat i*^- tics 

Addition and LMffer^:nce 
Fvdcvioni,! Addition 
Measurei^ent : A\ccuracy 
AVjebrai: Relations 
Sorting: Cla^^sifyimj 'ihapes 
MuUipl ication 
Fr6Ction<^: Multiplication 
Measureip.en^- Area (cm^) 

yjrvtymij 
Decimals 
Oivi s^on 
Vector^ 
Kidctiuns 
rrobdbi I i ty 

■hdjjes: Circles o^d .^^c^ 
Algebraic Relvtiors 
riow Charts 



Book 9 

Algebra: The Laws of Arit^^unetic 
Pythagoras' Thoor-,^i anc Sq'^are Roots 
Integers 
Vectors 

Fnri chirent : Computation 
Punched Cards 
Symmetry 

Money , , . 

Measurement: Sigriflcatve anc iMex 

Notation 

Plane Sahpei 



Addition -''.nc Difference: Tens and Units 
Measuren-ent: Area (cm2), Capacity, Volume, 

ana Masi (g) 
Multiplication 
Anglec d'Ui ui recti on 
Addre,.set ai:n Rr.gions 
Shariiu; 

Kndp'^b: l'r-vpe>'ties of Plane :)haues 



Book 4 

Ad^it^.op and Oifrerence Involving Money 

Measurement Height and Length 

Mul tiplication 

Angles 

i/ivislon 

Iniro.1uctlon to Prcbabillty 
I raclions 

AUjebr.jic Relations 
Shapes: Circle 
Introducti:)n to Decimals 



l^wOk 0 

••low Cnarts 
Division 

Shape:: Solid -^nd P'»ane 
FruC':ions: Multiplication 
prujability 

f-^oisureMent; Volur.ie (cm3) 
f'attern 

Alcebralc flelatlons 

Translitiorr., Ref 1ection.->, and Rotations 

Bouk_3 

Integer-^, 

Fractions 

Transformations 

DH:''f.als and Percentages 

rMtjoijraif. Reu tions 

j-:\ir.urtiriont: ./olu-ne 

Sl.v-ist'ici 

Proportion 

rime and ''•pood 

Intt^Cjtrs 

K^il'jtiOf'"^ and Functions 

Into u:r''. R.nionals, and Reals 

L-.u:iiinj-i ond Northings 
P'robdbi . ity 

MCf'Surement: Vo1uni^»» Mass. and Relative 

;)ijnsity 
f'nrif:r^(nent: Computation 
^ iini !ari ty 

I ormulas at^J equations 

indices, Slide Rules, and Logarithms 
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2.3 Materials Provided 



Student . Fi'. hta,'!:tj-~jy. :.,: ooi, : ''jhU'-.o—ned ^et^ and Fi'ohlema — 
ha-r-l:: r.et, ThesG are sets of activity cards with arccmpanying teacher's 
book giving answers, discussions of the problems, and ideas for follow- 
up. In general, these are mental puzzles which can be done with paper 
and pencil rather than with manipulative materials. They are meant for 
students of 11 years and older. 

\-iovk o-xi'dv. Each of 20 modules (see description under teacher in 
this section) includes a set of about 20 cards. Students complete paper- 
and-pencil and active-learning exerciser- individually or in small groups. 

Several kinds of apparatus have been designed by the Nuffield 
Project, notably the Mu Hi board, a collection of number strips, cubes, 
colored washers, pegboard, rubber bands, slide rule, Napier's rods, and 
U4 squa-^e. This must be obtained from science and math equipment 
suppliers rather than from the project. 

The 13 student books in Mathematics for Schools are not texts but 
workbooks containing only exercise pages. All instruction is carried 
out by the teacher. In Level I (ages five-seven) students write in 7 
exercise books. Level II has 10 exercise books, all of which are stiff- 
cover and meant to be reused. Children write exercises on separate 
pieces of paper. These books have little narrative inscruction and thus 
do not depend heavily upon the student's reading abilUy. Lively, 
richly detailed cartoons illustrate the exercises and instruct the 
student; for instance, at the end of the exorcise pages for each lesson 
<■ cartoon of a child holding his hand up signals the student to stop 
work and see the teacher. This is to prevent the child from beginning 
new written work before the teacher's introduction of f* "^lopmental 
activities. 

Teacher , ^cos^heye' The 13 Nuffield guides ^, ichers 

are small softcover booklets with both black and white and full color 
illustrations of children's work. These exuberant and charming samples 
of Nuffield »^esults should be powerful motivation to American teachers 
to cope with the Englishness of the books and to undertake tha work that 
must be done to translate th- topici into American clas'sroom lessons 
Teachers should study the 'Ahole series of guides to get a feel for the 
sequuncing of topics anci i iitenni nul i ng of streams. Then they can pick 
individual guides from whic j to develop lefisons. 

Wen.vir.n juidee. These eignt booklets are of the same design as the 
teaching guides i they are like supplementary or enrichment units in an 
American curriculum; How to Duild a Pond, Desk Calculators, Probability 
and Statis'sics, Mathematics with Evrrythincj, Computers and Young Children, 
Logir, Nuffield Geometry, and Lnvironniccta- Geometry. (Becausa the 
American publishers consider the lasc book. Environmental Geomet» too 
expensive to distribute, it will only be available until the cur»'ent 
supply ■ ; exhausted. ) 
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General Guidea. I Do, and I Um ii'^-ioand (how to change over to 
active learning) and Youv Child uvA yiatki^mHo^ are introductory book- 
lets which should be read in preparation for serious work with Nuffield. 
Other general guides which teachers may find useful include Tk-^ Btovy 
^'0 Fca- (an index to materials covered in the three streains~-Computation 

I- 3, Shape 1-3, and Graphs 1-2), Math: I'ke F-ii^sv Tlir^se Ys-av? and Math: 
'■•he L-.Lt.v 'rx-mcA-ij Yeav^ (gc-nerul descnpiion of mathematical xtivitieu 
which teachers should encourage), i4avh3 i^ith cvcvijthin:j (explains 

how teachers can provide valuablL- iiiath experiences for 5- to 7-year-olds), 
and Into i\K'ondapij 3-jhcol (how Nuffield inatheniatics can be used with 

II- to 13-year olds). Film surnmaries of three 0+* th'jse books, J :\>, 
urud. I Und'jpstand; Maths with Eue^ythingi urd Into Secorulavy School ^ are 
available. 

Evaluation Guidea, Tivo primary level evaluation guides. Check up 
I o.-'A 2, are available. 

Nodulej. Modules consist of about 20 work cards for students and 
a short teacher's booklet. The booklet contains drawings of the cards 
in addition to background information anJ explanation. The modules, 
intended as supplementary material for ll- to 13-year~olds, may be used 
in any order with groups or individual students. Modules currently 
available in the 'Jfiited State? are: :->:ec; ard Jradiev.v 1,^ iiv-j^/.-i^J-? 1, 
Nwnher* tuttevnj 'Ij Srum&try, Arxf'Uc-, Coura^J hcavhujc, The^ 
publishers have ordered 15 additional modules; they are not yet avail- 
able for distribution. 



There are six Teaohav'a A't-ycwv..^ i-c/rj in Mat. hematics for Schools: 
one for Level I and five for Level II. They provide the organization 
for teaching through all nine years of the curriculum, as well as the 
planning for each daily lesson. They are softcover, 11x3% inch books 
which include small reproductions of the chilarefi's exercise pages. 

2 . 4 Ma terials Not Provided 

The everyday objects called for by the fluffield guides and the 
Mathematics for Schools Teacher's Resource Book must be gathered, organized, 
and efficiently stored by the teacher. The following list gives only an 
inkling of the kinds of thinqs the teacher will need. 

Sand, watc-r, dried peas, acorns, nails, matchboxes, straws, 
pipe cleaners, cubes, cylinders, colored beads, balls, bricks, 
Cuisenaire roc's, Dienes blocks, balances, equalizers, rulers, 
compasses, protractors, string, jars, boxes, sci-isors, puzzles, 
plasticene, timers, clocks, and thermometers. 



Everything is cjrefully selected for its teaching purpose. In I 

c.rA f Und-^rdtayul the Nuffield developers cjution: 
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"Setting the children free" does nut Mean starting a 
riot with a roomful of junk for ammunition. . . . 
Stov^age i^ the iipportant ii'^^'ip here. ATI m.aterials 
should be adequately storied in suitable containers, 
clearly labelled, in a precise position in the class- 
room. . . . Expense is involved tin gatheriny 
measuring devices], but the criterion must always 
be that of quality. Inadequate tools only lead to 
frustration, and one really good pair of scales is a 
far better value than five inaccurate ones. 

The activity cards suggested in tho liuftield guides must be pre- 
pared by the teacher, personalizing for her own students the ideas 
suggested in the book. Eventually these assiynmencs are supposed to 
arise entirely from the teacher's observation of L-jch child's activity. 
The task assigned must always involve morcj tnan activu measurement or 
"mental agility"; it mst make the child look for patterns, consult 
with the teacher, form judgments., and make decisions. 

The Nuffield developer--) also recoiKinsfid haviriy some conventional 
mathematics texts and workbooks in the classrooiii source books for 
the teaciicr and references for students. Teactiers who believe that 
students need drill cun use exerciser, n-om such books. 



3. CLAS5K00M ACIIUN 



3 • 1 Teachi ng-Lear'ni rig. _b_tjr:a te(j>: 

Both the Nuffield Project and Mathematics for Schools try to give 
the student a concretf^ experience of a ma thematic; concept and tlien to 
help him capture it in the form of an idea which he uses over and over, 
in later learning and in different si tuc'tioris. "Active-learning" is 
their catchword for thir> process. Both programs intend to move child- 
ren graduclly beyond concrete experiences; and thP'ir conconii taut com- 
putational skills into recognising and working with the abstract 
patf^.rns whicft art the e:,3ent.e of mathematics. Mathematics for Schools 
iiiov'js iiiorp assertively in this d i^'ec^.'ion because its lessons and cur- 
ricu'T.n are spoilea out, while Muff-ield guides only suggest what the 
teac;.?r should do. 

Nuffield 'vtaiiej^Jn Jearninji. In tlieir introductory guide, I Doj 
..:>./ j~y^/^i^T:irrri:iie'lTufl ie developers ^.ketch the "discovery" line 
of developn;enl for a child lecti ning niathemarici.: "experimentation-^ 
tniriking coinmunicat.icn. '' They .eject "demonstration-^ explanation-^ 
;iiemory practice" becau'^e "ine-i.c-ry, aUiiough a usiful tool, is clearly 
fiiklf'" unle.-s tt is iiiikcJ with a ■-. i. : -iiuaI uii>h.Vu'-ay'.:iin'j already 
fixed'in the ctnld'u mind, and "pi-acti.:.e is necessary, but there is a 
significant difference between practice chat is mor-e repetition, and 
practice tnal reinforces it,'.;, :,' ^/../t.^." (Emphasis added.) 




Mathematical activity . . . can derive from the most 
commonplace obje: '.s if end when powers of observation 
are developed .... Initinlly the role of tne teacher 
is to help the cfiild to cicouire acute powers of obser- 
vation and to bssess the possibilities that lie within 
the mof t commonplace objeci.s and events . . . then 
... to provide interest:int! materials t(. stimulate 
further work .... The situation must be carefully 
structured by the teacher if the children are to trake 
real discoveries. 

Whenever new material. -i are introduced t\\ert seem to be 
three separate stages through which children must pass. 
At firsc the child no^cl'-, ^^ period of free experim>^ntif 
tion with the materinl .... The second stage involves 
the introduction of the necessary vocabulary related to 
the particular materials . . . best introduced through 
teacher/child discussion while the tnaterials are actually 
being handled. The third stage sees the emergence of a 
problem— prjbably some question that has aricen during 
the discussion. Thi^ sequence seems to arise naturally 
.... It is representative of an unoutrusive, yet 
carefully structured, situation. 

It is vital that the materials and siiiuation give rise to a problem 
that is natural and important to ^.he children, so that they v/ill wish to 
solve it for its own sake and not to cam a reward. After the problem is 
met, children size it up and look for ways to fi'd the answer, working 
first with concrete things and then with the abstract skills they have 
learned. This is the f.^-K'-iir// s'.acje of Nuffield 's le?.rning scheme. It is 
powered mainly by the teacher"'-, discussion with the students. 

The role of the Uacher toda/ is not to stop children 
talking but rather to ensure that there is something 
very worthwhile foe them co talk about .... The 
quality of the discussion will be directly dependent 
upon the quality of the teacher/class relationship . . 
. . If discussion is to fc .ter not only laniuage but 
thought and re-Honing, iher. it •leeds to take place in 
much" smaller ni-ou:o [or] b^Jiwien a teacher c^nd a small 
group of chi Idren. 

Finally the students record what t-iey vind out: the cjMunioation stage. 

[Th'^J time comes when the children feel the urge to 
communicate ... Soir.etimes Lh^y get stuck for lack 
of an adequt'tG vocobulary. H'^re [.lie role of the 
teacher [is to] in^"i Urate the r.ecessary vocabulary 
int'j nis rcspons-:js [so that] thr child hears words 
in the context of m enjoyable experience. 
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Hnports may be written in journals, or kept in folders. Some reports are 
not words but drawings and graphs. It is important that children get to 
Ktiep their own work so that mathematics becomes part of their value 
experiences. 

All of the Nuffield guides enhance the reputation of the English for 
subtlety and understatement. This leods to some uncertainty in the teacher 
about the practical matters of doinj the theory, as the developers acknowl- 
edge in a characteristic understatement. "There is sometimes a little 
concern among teachers as to the kind of materials to provide, and when to 
introduce them." This is a significant drawback of the guides and the cause 
for Nuffield emphasis on teachers' inservice training: If a learning 
situation is not carefully structured, the problems the teacher asks the 
students to solve will not be meaningful or profitable. 

Ma thematics for Schools stages in learning. Experience with Nuffield 
guides~led Harold Fletcher and the Mathematics for Schools authors to 
specify precisely what situations arvi materials to use, to prescribe steps 
for every lesson, and to arrange lessons in sequence. They particularly 
considered Nuf field's thinki%: stage too ambiguous, and so they spelled 
out ways to translate each set of concrete experiences into mathematical 
terminology, and they provided paper-and-penci 1 exercises to make sure 
that children consolidate? the insights they gain. The Teacher's Resource 
Book sets out this diagri/tn for a lesson. 



This pattern will not work unless the teacher follows these requirements: 



You should introduce the number operations and the 
associated facts only after much discovery-activity 
and discussion using a variety of concrete materials. 
"Getting to the sums" too soon can often impede 
rather than enhance ma theriiti Ileal progress. 

After discovery, you must give the children plenty of 
practice and time to develop and consolidate their 
understanding of m^ithematical concepts. It does not 
follow that children always remember v/hat they discover. 

You should encourage the children to constantly seek 
environmental situations appropriate to the [topic] 
tinder study. 5uch situations may arise spontaneously, 
or they may be set up and guided by you, but they must 
have meaning for the children, for they will learn 
little mathematics that is not real to tliem. 



REAL SITUATIONS 
Concrete 
Materials 



DOING 
Activities, 
planned and 
spontaneous 



NEW 

DISCUSSION PRACTICE SITUATIONS GEi pRALIZATIONS 



Textbook Applications 
studies h 
activities 
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BEST copy mmiE 



You must not allow the children's mathematical 
progress to he held un by Ifick nf ability to 
verbalize. [If the children understand the lanauage 
of mathematics] they will make progress in other areas 
of study. 

The lar.t proviso suggests that the Fletcher group does not place a 
priority on Nuffield 's njipnoiioat-ivn stage. MUhenetics for Schools dot 
not suggest that clnldren write extemporaneously about thoir math vvork. 
Children's discoveries are recorded in their exercise pa^es. The "Follow- 
Up Activities" suggested in the Teacher's P.osourct Book as applications of 
the concept learned tend to be [nonverbal] e^-ercises, project^. , and games, 
as are the "Enrichment Activities''. 

::ufj'iell. Here is a description of the material on length presented 
at the start of Co:rr^:'! >.tioa ;r>:: :'nnic;vv(^e I'. This guide is recommended for 
"early years in the junior school"; that is, for children around eight yeai s 
old, or those who have developed concepts of "longer than," "shorter than," 
"higher or taller than," "near and far." The length of teachina time for 
working on this material is not suggested; nor is there a plcin for breaking 
it up into daily lessons. 

Early exper-iences of length will best be carried out 
by children using any sort of measure that suitably 
comes to hand: lengths of paper, book-lengths, 
knitting needles, marchboxes, stride:., spans [hand- 
breadth:] and fingev lengci^s; something the child 
is far.iiliar with and vhich he understands. We shall, 
of. course, he worKiiig towards i;he need for, and the 
discovery of , .;':.•'■■•• ;!''' ini.r. 

The use of fingers, har'^i"., .?.nr,s , feet, end strides as common but 
approximate measures is expunncd nud diagrammed in a chart or digits, palms, 
spans, cubits, and rathoms, which the teacher can ropy for her class. Teachers 
are told that with these historical unit«; d' r'ieas')reiiier.t "we can begin to train 
cnildren to estimate before actually moasunng . . . [and] let them discover 
tijeiiisel ves . . . that we can never measure anything \.;.-. t7>;/. " 

Assignment cards (^task i;:irG<," "Job cnrd ") are shown. Such tasks are 
to be undertaken as individual cr siocil 1 qroup work or to be directed by the 
teacher if rea^-',; ..bilit.y i^. lin^ined. 

1. Moas ir-i .yc r neck, v.rist, r-M waist. What will you use 
to d( !^ow mnf/ 'wri'^i measurements" will go round 

your neck? (Estimate first. , How many neck measurements 
will go round your waisi? (r.stimote first.) See if your 
measuremerts a^e (.different fr^-m your partner's. 
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2 Measure the length of the desk using (a) cubits, (b) spans, 
(c) palms, (d) digits. First check with the chart that 
you know what these are. Which did you find gave you 
the best measurement? Which too^ the longest to do? 

3. Which human units would you use to measure: the height of 
d giraffe? the height of a horse? a mouse from nose to 
tail? the length of your gard'^n? Write down some more 
things you could measure and say which units you would use. 

The guide reiterates to the teacher that tnese exercises are used to 
show children that human measuring units va>y in different people so that 
there is a need for fixed standard units. It mentions t\\it Piaget found 
that children naturally proceed from measuring with whatever is convenient 
to using standard feet and inches. There are a few paragraphs which the 
teacher can adapt to toll her students about the history of introducing 
standard measurements in Britain. Now the teacher is ready to introduce 
standard units and assign practical measuring tasks in the room or school- 
yard with foot and yard rulers and a trundle wheel (a wheel with a 
circumference of one yard, meter, etc., which clicks each time it makes 
a complete turn) . 

Next the guide suggests the teacher move from this real -world 
experience to abstracting experiences like those on the following assign- 
ment card: making ordered pairs of numbers out of yards and feet. 



YD FT Complete this table. 

1 3 Can you explain what you were 

2 6 doing? 

3 9 

4 ]Z Can you use this table to change 

5 yards to feet or feet to yards? 
6 

7 



10 

33 
36 
39 

45 

A way to make a graph 11 lustra hng th*^ conversion of feet and yards 
ij> illustrated, but. teachers are cautioned ,iot to get anything but whole 
feet am v^'hole yards, fnr children are not yet ready for fractions and 
decimals. They aro ready for work with rulers Lhut show inches, however. 
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They will want to find the length of the "bits and 
pieces" which are left over at the end. This is the 
time to make the inch I'ulers available (without other 
sub-divisions if possible). . . . Some foot and yard 
rulers, now with inch divisions, will nlso be helpful 
at this stage. . . . 

Several activity cards are shown which call for children to measure desks, 
tables, bookshelves, and corridors and express inedsurements in two ways; for 
instance, "5 ft 9 in or 69 in." 

Piaget is cited again in explaining that young children do not under- 
stand conservation of length when objects are not straight. Several 
activity cards are shown which call for children to measure zig-zaps, 
spirals, curves, their own feet, objects they find in the-c iassroom, and 
finally circumference and diameter of objects. 

Here the child will need an intermediate model of the 
object he is measuring--in measuring round a tin lid 
he will take a piece of string or tape measure to 
acquire the appropriate length and match this in turn 
against his ruler. Calipers can be introduced at this 
stage for measuring diameters. . . . 

With this much experience behind them children will want to be more 
precise with their measuring, and foot rulers v/ith half and quarter inches 
can be introduced. But fractions are to be taught now only as a means of 
appreciating neaninge of fractional parts, not as operatior.s with numbers. 

The unit continues with a lot more suggestions for practical work 
measuring distances, shapes and heights, and making ordered pairs and tables 
of feet and inches (like the one on yards and f ee j . Throughout the 
pages are found full -page reproductions of students' work on this topic. 
The unit then proceeds to treiat the topic of veigh:- ■'n the same manner. 

Where this unit appears within the year's inathenatics curriculum, how 
it is related to the students' work in computation and other math topics, 
what materials are given to the students and what situations are posed, 
whether some parts of the unit are taughc at one time and others later, 
or whether they are taugiit at all --these are all decisions ^or the teacher. 

.'1 umi in \i i'heriat /o: 3ckonU'- . A urit ualled "Measurement 
Activities: Length" appears" about one-third tl. rough the Level I (ages five 
throuah seven) Teacher's Resource Book. It covers portions of the same 
content as was desc>^ibed in the Nuffield unit above, but the organization 
of the material for the teacher is quite different, starting with the manner 
of stating objectives: 

To enable children tu use arbitrary (nonstandard) units for 
measuring the property of length. To enable children to 
understand and use ttie metro for mf^asuring length. 
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A paragraph of mathematics background notes that, there are three basic 
ideas in measurement: "the choice of a unit, comparison, and counting." 



There follows a brief sketch of the history of measuren.ent from parts of 
the human body. As in the Nuffield guide, the teacher is told that the 
children's experience with many random units of measurement is an important 
preliminary to their appreciation of the need for a standard unit. 

Materials needed for the lessons, are listed. General activities which 
will refr^^ih what the children learned in a unit called "Pre-Measurement" 
are suggested, There is an optical illusion diagram which the teacher can 
copy and present as a special activity to emphasize estimating, and a 
suggestion that children will discover the idea of fractions as "bits" left 
over in measuring. 

After this general introduction, two separate lessons are explained; 
first, "Puroose"; then "Preliminary Activities," "Teaching the Pages" ^ 
(meaning the exercises in the Children's Rook), and "Follow-up Activities.' 
The pages of exercises from the Children's Book are reproduced. The 
firr,t lesson is about nonstandard unit? and gives children experience 
with strides, reach, arm, foot, and handspan. Children ^re to measure ^ 
these units using strips of paper, compare their strips with their friends , 
and record their findings. Feet are traced and measured and compared, and 
the foot measures are used to measure other lengths, such as those of the 
classi^oom and corridor. 

When the teacher believes the children understand these activities, 
he "teaches the paaeb-*' There are three pages cf exercises devoted to 
this lesson 1n Children's Book 3. First: "Compare you'^ measurements 
wich those of your friends: whose is longest?" Drawings illustrate reach, 
stride, foot, and span. The suggested measuring device is string. The 
children work in small groups and record thei^ discoveries by writing 
down the name of the person who has the longest tiieasurement . The second 
(■xerri--e directs: "Draw a picture of your foot. Icmpare its length with 
your friends' feet.' The last says: "Measure the class shop [store] 
with pictures of your foot." 

In tn'? "Follow-Up Activities" the children apply their knowledge to 
new objects, for exemnle, "l^oy ne.isure me widths and lengths of additional 
ci.ii5s>oo!ii objects 1 i.f*cit 's of thei-' own outstretched arms, legs, and 
firioers. In ci final uiscuv. iioi. the teacher asks these guestions: 

Viould vou use your span or vour reach to pleasure the 
length' of a classroom wall?. . . yr.ur stride or your 
arm' to measure the length of the i",ayground? How 
would you measure 'ground a ^ootboll? 

ThP second lesson -'ptrodMces the 'metro stick'' and compares it v/ith the 
childrr^n's body mea5ure'i:cnts . Finally chiloren use 'the meter to measure 
the classrocm dnd playg-ound and conpur^ thi', with their body measurements 

as expr'^ss'id in meters. 
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The small unit of measurement— centimeter rather than inch— and 
height and nonstraiqht lines are the subjects of a unit which appears 
many weeks later in Level I. Activities on circumference and diameter 
similar to the Nuffield suggestions are delayed until Level II (ages 
7 to 13). 

3.3 Ev- a luatio n of Studeijts 

There are no written tests fur either program. Nuffield guides 
emphasize that students should keep journals and record their work in 
pictures, graphs, and stories, i D:\ jnd I Undf^rs'.and explains the 
importance of teachers' keeping a general record of the class and 
individual records on each student's interests, projects, achievements, 
attitudes, and difficulties. The Project is innovating an entirely new 
system of flaking clinicdl observations children doing active mathemat- 
ical tasks, not for the purpose of measuring achievement but for 
diaaposing levels of understanding so that the teacher can design 
individualized lessons. A series of check-up guides is being developed 
and field tested in collaboration with psychologists from Piaget's 
Geneva institute. The first of theses Cheokinc; Up l and Ch^^okaig Up 2 
go along with the beginning books in the three streams. 

Teachers of Mathematics for Schools evaluate student progress by 
observing their participation in discussions and activities and by 
checking their work in their exercise books. 

3 . 4 O ut-of-Class Preparation. 

In both proo(anis. teaching success depends on thorough preparation 
and organization". The teacher must begin with the understanding that 
active learnina is for her, not just for the students. Any math program 
which anempl'/to teach the real mathematics behind arithmetic memoriza- 
tion and drill requires a teacher who understands the meanings behind 
•^ituals. Most "lementarv tc^^chers will have to come upon these meanings 
in the same way children' do* by work with concrete nMterials. Once this 
content ir^ mastered, ihe work of preparing tne classroom and identifying 
the learning characteristics of every student con begin. The teacher 
usio'] the Nuffield uuides will npec! to prepare activity cards, as has been 
mentioned, in addition to s^'lectinq what lessons to use and furnishing 
the classroom. 



4.0 IMPLEMENTATION: REQUIKuMENTS ANU COSTS 



A . 1 SchooJ_ facij Uie_s_ j_nd_ Vra^^^^ 

Botn the Nuffield Proii^ct and Mathematics for Schools are designed for 
info-mal or open clcssrooms in the style of the innovative British primary 
schools. Ovp.-^ describes the use of classrooi^i spac.? as wall as the 
scheduling of classroom time. Instead of fixed row^; of desks there are 
tabl'^s and workbenches that can be moved about, comfo>'t2ble chairs placed 
in quiet corners for reading, laboratory-style areas for -lath and science, 
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cupboards, blackboards, and oortable screens serving as room dividers. 
Students move around throughout this area, working in pairs or in small 
groups. The classroom day is not divided into fixed segments; instead, 
time is budgeted each day to activities that children and teacher judge 
most interesting and productive. Suggestions and illustrations for 
rearranging the classroom furniture and schedules gradually over a 
period of weeks or months are given in i Do^ ayid I Uruxepatandt and in 
With Biggs' and James Maclean's book on active mathematics, Freedom tc 
i.K.arn. 



Both Nuffield and Mathematics for Schools materials are designed 
for Mongraded classes, in which students move ahead from their individual 
starting points and at their own paces, regardless of age. However, 
Mathematics for Schools has been used successfully in traditionally 
graded American schools. Both programs were developed to be used by 
average teachers (with inservice training, to be sure) rather than math 
specialists; the developers state that they prefer this use because 
general ist teachers can more easily relate mathematics learning to 
language, science, and art. 



4.2 Student Prerequisites . 

Children must be accustomed to working productively in an active, 
open classroom. If they have not had such experic»nce, this style must 
be introduced gradually, perhaps one afternoon a week, or an hour a day. 

4.3 Teacher Prerequisites . 

Although both programs give teachers explanations of the mathematical 
background for each unit, this is not likely to be sufficient for the 
average elementary school teacher who feels inadequate iii math and 
dislikes it to boot. In England most teachers starting out in either 
Nuffield guides or Mathematics for Schools have access to inservice training 
and to classroom assistance from the head teacher and the government mathe- 
matics adviser. American teachers will need a good math background and/or 
a workshop course in modern math and active learning. Such workshops have 
been pioneered by the Madison Project of Syracuse Univ^^sity and Weoster 
College. They may be conducted by school districts or offered by university 
extension departments. 

A second prerequisite is the teacher's belief that real-life experiences 
are indeed the best way to learn, and her willingness to provide this kind 
of learning by doing extra work. Nuffield should not be attempted unless, 
as Joseph Featherstone stated, "the teachers really believe that chi dren 
can learn a great deal by themselves and that most often their own choices 
reflect their needs. 
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Organizational ability is a prerequisite Trequently overlooked by 
Americans trying to adapt tne English methods. Gathering togetner 
materials, keeping them orderly (most children will not work their way 
through messes of junk), organizing separate lessons for different groups 
of children, keeping track of individual students' progress— these are 
management tasks which may be unfamiliar to both traditional and "free" 
teachers in America. 

A fourth prerequisite has to do with the relationship between teacher 
and students. The "child centeredness" of English Informal classrooms Is 
not the same as that of the American "progressive" school of the 30 's and 
AO's. Featherstone stresses the importance of teachers in active learning 
classrooms using their "natural legitimate authority" as adults. 

Actually, in a proper informal setting, as John Dewey 
pointed out, adults ought to become more important: 
"... Basing education upon personal experience may 
mean more multiplied and more intimate contacts between 
the mature and the immature than ever existed in the 
traditional schools, and ac-nesquently rnove vatheic than 
i-ese guidarjiie, ^ 
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4 . 5 Co mmunity Relations . 



The need for interpreting the active-learning approach to parents is 
recognized by the Nuffield developers. Your' Od'U^ and Mathematioo is 
designed to explain to English parents the reasons for the modern math 
topics as well as for the. informal approach to learning. Many American 
parents are interested in the British innovations and are eager to see 
thetn adapted in the United States. School people may need to interpret 
to some oF these parents the importance of gradual introduction of the 
new methods to teachers and children, and that the active learning approach 
may Mot be suitable for all teechers or all students. Other parents will 
be most concerned with their children's mastery of traditional computa- 
tional skills, and they will need to be persuaded that an active-learning 
approach can accomplish this. 



.5.0 PROGRAM DEVELOPMtNT AND EVALUATIOM 



5 . 1 Pro(^ram_ Devel opment 

The iNufrield Mathematics Project began in 1964 to build a comprehensive 
mai-.h pr-ogr«m that would combine modern i.iath topics with the new ideas for 
tr?ac:hirig that were gaining hold in England's primary schools. Active 
ledrniiicj or "laboratory mathematics" was already being practiced in these 
infoniiai, nongraded, flcxiblv scheduled classrooms, and the approach was 
beina spread through teachers' seminars by Edith Biggs, Harold Fletcher, 
Leonard Sealcy, and others. The Project was an effort to organize this 
experience and make it available ab topical guidebooks supported by 
inseivice training centers. 

The Project is the combined effort of the Nuffield Foundation and 
the Schools' Council. The latter is composed of repreientatlves from 
all the educational organizations in Great Bri tain--associations of 
tfarhers, headteachers , college tcjrhers, and mathematics advisers from 
thf? national ministry of education. The Project connnissioned teams of 
fiachfTS, advisers, and professors to prepare the guides under the 
^irectw)n ot Professor Geoffrey Matthews and a national consultative 
committee of mathematicians. The Schools' Council set up teachers' 
centers to give tcachefS their own active- learning expe«^iences in the new 
math topics. The evaluation guidps are prepared by ? team from Piaget's 
institute in Genf;va, Switzerland. 

The Idte Harold Fletcher, the mathematics adviser to Staffordshire 
'.chools, was a member of the Nuffield writing team from 1965 throujh 
1967, when ho began to work on a Nuffi eld-style comprehensive curriculum 
for Addisun-Wesley Interni^tional . Th« assistant author of Mathematics 
for Schools is Ruth Walker, head teacher of a school in which Fletcher 
worked with teachers using the Nuffield approach and topics. 



ERIC 



96 



5 . 2 Developers' Evaluation s 

The Nuffield guides were written in trial versions and tested in 
more than 250 schools in 14 areas of England. They were revised on the 
basis of these trials and then published. Research from the trials is 
published by the Schools' Council in its Field Report Number 4. 

Mathematics for Schools can be considered a still further revision 
and adaptation of the Nuffield materials. It was tried out for two years 
in England before publication. During the school year 1970-71 Addison- 
Wesley's office in Menlo Park, California, gave the primary level mathematics 
materials to 30 teachers throughout the United States. They taught the 
program for a year in grades one and two, and then were asked to fill cut 
questionnaires on their impressions of the curriculum, students progress, 
difficulties in using the materials, and the like. Because of the small 
sales volume, Addison -Wesley dees not expect to prepare an analysis of 
the data. 

5.3 Independent Analyses of the Programs 

David Rappaport of Northeastern Illinois State College, Chicago, is 
one of scores of Americans who have observed the English open schools with 
an eye to translating their practices for American classrooms. His 
evaluation of the Nuffield activities he observed, and of the mathematics 
teaching in Ruth Walker's school under Fletcher's guidance, are published 
in The Elmsntary Sohocl Jourmt issues of March 1971 and October 1970, 
respectively. Among his comments or the Nuffield guides are the following: 

The guides are, with few exceptions, superb. Every 
American elementary school teacher would profit 
by reading [them] and using them as source material. 
The examples of children's work could very well be 
the basis for overcoming teachers' fear of . . . 
trying out laboratory techniques. ... The guides do 
explain the mathematics concepts in a developmental 
manner. Teachers who still lack an understanding 
of the r.ew mathematics . . . could find the Nuffield 
guides an excellent method of learning and under- 
btandin;j [it].^ 

Rappaport caution-i. however, that Lhr. teacher must hfve viood preparation and 
understanding of how the guides work before using thim. He observed both 
good and bad teaching by teachers using the guides in England, and he 
comments that the good teachers knew "when to capitalize on children s 
discoveries to direct their, to new efforts," while poor teachers did not 
understand the mathematics and wore unable to develop the next step by 
themselves." ^0 
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Some English mathematics eddcators observe that English teachers, 
Idcking strong mastery of mathematics theory, overstress the environ- 
mental applications for math and neglect thi purely structural 
mathematics in Nuffield. Mathematics should not be presented to 
children solely as a way to solve practical problems in the environment. 

Math is artificial. Environmental maths is just as 
unsatisfactory as textbook maths if the questions 
you pose to children are the type which cause them 
to ask, "Who wants to know?" The environment is 
not necessarily intrinsically mathematical. We 
must make the maths environment of students more 
precise by structuring it so that it can be 
explored and so that children ask questions about 
mathematics, not just about its fringe benefits. 
We want them to be interested in mathematics itself, 
not just what you can do with it.^^ 

Th9re is also the problem that the teacher fniist v%ork out a way to 
develop the material in the guides into lessons that fit into the school's 
basic mathematics curriculum, or to devise a new curriculum. Mathematics 
for Schools is in itsel^ evidence that in England there are educators 
who doubt that the Nuffield guides can serve as framewor'^ for a complete 
curriculum in math. In the United States, where princ'Dals and teachers 
do not usually design their own courses of study, there a>*e understandably 
even more doubts. Questions arise on two grounds: first, that the Nuffield 
guides are so subtly and permissively presented that only teachers who are 
experienced In mathematics and m individualizing instruction can develop 
a whole curriculum from them; and second, that Piagetian theory does not 
provide adequate guidelines in math. On this second point Robert B. Davis, 
director of the Madison Project in Mathematics, which has worked closely 
with Nuffield, wrote in 1967: 

How adequate are [Piaget's] "clearly-defined developmental 
stages" in providing ms with curriculum guidelines? The 
answer seems to be that this method has great promise 
for the future, LiUt thnt tliis promise has not been 
realized as yet. . . . 

It appears that P^aqet has focused attention on a very 
particular selection of t:isks--such as his famous 
"conservation" tasks in pouring water--and it is by no 
means clear that these tasks, taken together, form an 
adequate and appropriate set of "pens" on which we can 
hang the mathematics curriculum. Many important aspects 
of mathematics remain untouched, and in the case of 
some others the dnologies with Piaget's *asks may be 
misleading leather than illuminating. 12 
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For school people Impressed by those English materials but looking 
for definitive answers to questions like those above, there is little 
solid data to refer to. In his 1971 comparisons of informal teaching 
in English and American schools Joseph Featherstone comnients: 

We could all proceed morf, wisely if we had better notions 
of how to evaluate 1 earring in informal settings, but we 
don't. ... If the British lack rigor [in evaluation], 
we [Americans] lack ma'iy examples of good practice; far 
too many of our school systems have emphasized conven- 
tional measurement ard Iwred children's learning, 
forgetting the principle that children and teachers do 
not get any heavier for being weighed. 

On measurable achievement in conventional tests, children 
in formal British schools do slightly better than children 
in informal schools, though uniformly the differences are 
very slight. This is not surprising: formal schools 
teach children to take tests. The surprising thing to me 
is that test results are so similar. . . . There is no 
evidence that reducing the amount of formal control over 
students impairs conventional academic skills. On the 
other hand, it is plainly impossible to make inflated 
claims for informal teaching in terms of conventional 
test scores.'^ 

Thus we need new kinds of tests in order to assess active-learning 
mathematics. But tests are. sids 1ssu'2 Featherstone says. ''We 
need different values too.'"* It all goes back to what long-range goals 
cormunities and parents set for their children. Is it important that 
in adulthood mathematics be more than a breadwinning skill, more than 
a tool? Is it expected that mathematics be also an art, adding to 
the student's enjoyment of his own mind and of his environment? 

American experience of these two active-learning math curricula 
from England is still very much in the concrete operations stage. We 
need to le*rn by luing them, not by reading the data. 
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INDIVIDUALLY PRESCRIBED INSTRUCTION-MATHEMATICS (IPI MATH) 



BEST COPY WAIIABLE 

INTRODUCTION 



yath pjviod begins in a mixed-age, iKtermediate-leuel class in a 
rijde)*K openspoje school. Ten^year-old tJohn goes to the math center and 
finas 'lis IPT folder. He takes out the short pretest foi* the unit called 
"Level C, Division," which he took during yesterday's i:Kith period. The 
test his bean saoved bu the teacher's aide, and 'John now sees that he got 
ail th? problems relating to the first "skill" (leseon) correct, but he 
frsaJe r.anu mistakes on the questions testing his knowlejgp. of the other 
th-ee "skills" In the unit, So John goes to the aids an/.i tells her he 
needs che Student Booklet for Level C, Division, Skill .7e? takes thie 
bookist to his teacher and tells her he reads a "prescviptic*:. " Ulim 
she finishes helping one of John's classmates, the teacher conferenaea 
uith 'J:)hn, referring to his pretest, and then slie assigns three pages of 
les-iona in the Stwient Booklet. John i^et'irne to his e^at and works by 
hiriiself in i:he booklet for the vest of the math period. John's alass^ 
"latee are i:opking in a similar manner. 

Individually Prescribed rnstrucv uonr!'iathematice is a reorganization 
of the traditional elementary mathematics curriculum to "individualize" 
each student's progress through the curriculum, thereby accommodating 
many levels of student ability and achievement within the same classroom. 
Textbooks are replaced by programmed booklets --one for each lesson. These 
'self-teaching" booklets are the major source of instruction. The teacher 
does .lot present lessons to the whole class or even to small groups at 
one t1"ie but rather assigns each child's individual study program, monitors 
progress, and provides individual tutoring when a student gets stuck. 

The hallmark of the individualization movement, of which IP! Is a 
leading example, is its reliance on a carefully constructed sequence or 
"continuum" of "skills"— from simple to difficult— building to mastery 
of whatever subject is being studied. Skills are called "behavioral 
objectives" because the student will demonstrate a specified, observable 
behavior or performance to prove mastery. Tests of mastery are Included 
with every unit, each test keyed precisely to the objectives being taught. 
Children are not assigned to new work until they have passed the tests 
for the prerequisite skills. Conversely, the student may skip a lesson 
if his test shows he already knows the skill. By this method both quick 
and slow students are thought to be able to proceed through the same 
subject matter without hampering each others' progress. 

IPI's distinction is its embellishment of programmed instruction- 
providing the opportunity for "continuous progress" rather than slotting 
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a student Into a grade based on his age or accomplishment; and managing 
Instruction In schools with very diverse student populations. Like other 
programmed curricula, IPI relies on behaviorist strategies of breaking 
up a training episode into ^mall, simple segments so that the student's 
frequent experience of success can act as a spur, or "reinforcement," 
for further learning. This strategy is thought to be especially appro- 
priate for pupils who have had frequent experiences of school failure. 
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BASIC INFORMATIOH 



Individually Prescribed Instruction-Mathematics (IPI Math) 

Voi"Hat: A sequence of 359 instructional objectives with a student skill 
booklet for each. 

Uniauer.aaa: Completely self-paced Instructional system of elementary 
iTiat hematics based on behaviorally specified math "skills." Children's 
work is assigned through "prescriptions" whicn the teacher writes for 
each child separately, based on frequent testing to assess nastery of 
skills. 

Ccyitertt: A continuum of objectives grouped Into ten learning areas: 
Numeration/Place Value, Addition/ Subtraction, Multiplication, Division, 
Fractions, Money, Time, Systems of Measurement, Geometry, and Applica- 
tions. 

SuQ'jeated uee: Complete curriculum for grades 1 through 6. 
Tcu-get audUnae: Students of all abilities, grades 1-6. 
L-^nyth of uje: Dally math period for six years. 

Aids ;ov teaohera: Set of training materials Including three training 
manuals, two student case studies on audio cassettes, and a fllmstrip 
with accompanying tape. 

Date of yuhliaation: 1972. 

Direator/Develovex*: Robert Glaser/Leamlng Research and Development 
Center (LRDC), University of Pittsburgh, 160 North Craig St., 
Pittsburgh, Pa. 15213, and Robert Scan! on/Research for Better 
Schools, Inc. (RBS), 1700 Market St., Philadelphia, Pa. 19103. 

Publisher: Appleton-Century-Crofts, 440 Park Ave. So., New York, N.Y. 
10016. 



ERIC 



104 



1. GOALS AND RATIONALE 



}.] Goals 

How can one teacher effectively teach 30 or more children, all with 
different experiences, abilities, needs, cultural backgrounds, and rates 
and styles of learning? For years schools have addressed the problem 
of different learning speeds by "tracking" children into fast, average, 
and slow groups, within schools or within classrooms. However, tracking 
presents the injustice of being a self-fulfilling prophecy for slow- 
starti'ig students and it frequently results in :t-3 faoto segregation of 
minority group students. IPI developers attacked the pi'oblem by restruc- 
turing ihe elementary classroom for "individualization." They designed 
both an Instructional program and a management system which permits each 
child to work separately- -as quickly or as slowly as he needs— within a 
heterogeneous iy grouped classroom. 

IPI attempts to respond tc cnildren's differences In terms of their 
learning rates only; the content and method of instruction are the same 
for everyone, based on the theory of p^-ogrammed Instruction. Changing 
the content of the mathematics which children learn, or loosening their 
reliance on textbooks, are not goals of IPI developers. Nor do IPI 
developers evidence concern for problem-solving behavior or for math 
activities arising out of children's interests and natural environment. 
The motivation for learning textbook arithmetic is expected to come 
entirely from the student's experience of previous success—as measured 
by frequent tests. Success on these tests is assumed to function as a 
powerful reward. Developers aim to guarantee success by breaking the 
curriculum into very small steps and insuring that no student ever has 
to take a step that is wider than his stride. 

This mastery of mathematics ir. small doses is an attempt to halt 
the dismal history of failure for those children who have difficulty 
learning arithmetic— who fall further an- further behind with each year 
of school, and who steadily deepen their conviction thai they themselves 
are failures. At the samu time, IPI aims to loosen the brake which 
slow-learning children place on average and high-achieving children. 
The developers intend that their individualized program will enable 
students of all achieve<nent levels within the same classroom to experi- 
ence success in math, liking for math, and respect for their own 
abilities as students. 

1.2 Rationale 

Teaching machines and programir.ed textbooks, stemming from the work 
of B. F. Skinner in the I950's, had Indicated that a student could p»o- 
gress with little or no outside help through a sequence of learning 
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experiences if they were arranged \r order o* gradually increasing dif- 
ficulty and if the student could progress at his own pace. According 
to this theory the student would be continually rewarded by the warm 
feeling of success, however small, and this would act as a powerful 
enough motivation to encourage him to tackle even difficult (or boring) 
work. Most important, he would not be discouraged by repeated failure. 
IPI developers had evidence that low-achieving as well as high-achieving 
students could learn the same body of elementary mathematics so long as 
it was presented in this way. 

This programming theory rests on the traditional assumption that 
there is one "body of knowledge" and that even yojng children can grasp 
the logic of its division into separate subject matter areas— mathematics, 
science, language, etc. Programming also depends on a new assumption 
that learning technologists know how to break up a body of knowledge into 
discrete component bits, and that they can arrange these pieces into 
sequences of learning which are equally efficient for all learners. The 
content of the training episode is seen as having less importance than 
the method of transmitting it. 

The combination of these theories results in the IPI rationale that 
all children, regardless of their aptitude, inclination, or past achieve- 
ment, can master the same curriculum, using the same instructional method 
and materials, provided simply that each student is allowed to progress 
at his own rate of speed. 

However, IPI expands the theory of programmed instruction. The use 
of programmed texts had permitted individualization within a grade level. 
Our schools have been organized into grade levels so that certain skills 
and topics are supposed to be covered in the first grade, others in the 
second grade, and so on. Thus even if programmed instruction allowed 
students to progress at different rates through the same grade, they all 
had to start at the same point at the beginning of the ;.ext grade. IPI 
developers therefore used systems theory to expand programming. They 
developed curriculum sequences that ignored grade level boundaries and 
extended instruction through all the elementary school years. With such 
"continuous progress" the grading or grouping of students loses Importance. 
There is no need for special promotion, retention, homogeneous ability 
grouping, or other student sorting scneme'"> based on achievement. 

In actually developing a total individualized curriculum, IPI applied 
the principles of programmed instruction: 

1. The objectives to be achieved were spelled out in terms of 
desired student behaviors. (Given two common fractions less 
than or equal to 1, the student renames each fraction using 
the least common denominator for the given pair and writes 
> , < , or - between the given fractions to show their 
relationshio. LIMIT: Civr-n fractions having denominators 
< 50.) 
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2. The objectives were sequenced Into a hierarchy with each 
behavior building on the one before It. 

3. Instructional materials were developed so students could 
learn with little or no outside help. The booklets do the 
teaching. Learning Is measurable because It Is defined In 
terms of each student being able to demonstrate a carefully 
stated behavior under carefully stated conditions. 

4. Methods of diagnosis were developed so that the point at 
which the student enters the sequence will be most appro- 
priate for him. 

5. Each student works at his own ;ace. 

6. Since objectives spell out what a student must do 
("demonstrate a behavior") to indicate mastery, booklets 
were written as self-contained lessons explaining the 
required behavior and requiring him to practice it. 

7. Students are to receive immediate feedback on all work 
done by taking frequent criterion-referenced tests. These 
were written and Included as an Integral part of the cur- 
riculum, each test keyed to the specific behaviors just 
studied. From the tests, teachers also are to receive 
the constant feedback they need to make new assignments 
for each individual student. Teacher training materials 
were written to teach the management system of the cur- 
riculum. 

8. Materials and procedures were modified on the basis of 
feedback from users to improve effectiveness. 



2. CONTENT AND MATERIALS 



2.1 Content Focus 

IPI Math includes all those mathematical concepts which typically 
form the program for first through sixth grades. The content is divided 
into ten areas. Five of the areas deal directly with numbers and opera- 
tions; two deal with measurement; another with money; one covers geometry; 
the remaining area is applications, which Includes work on sets, functions 
graphs, and word problems which require more than one operation. The 
major emphasis is on number and operations. Two-thirds of all the objec- 
tives fall in these five areas. 
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The ten areas and the number of objectives at each level are shown 
in Table 1. There are no units in the areas that are blank. Six units 
are divided into Part I and Part II, and are marked as such (e.g., A - 
Numeration/Place Value). 



. , . 

AREA 


A 


B 


C 


0 


E 


F 


G 


NUMERATION/ 
o\ Arc v/Ai iir 


15 


9 


14 


5 


6 


7 


4 


ADDITION/ 

CIlDTD ATT 1 

bllDl KAt 1 iUri 


17 


12 


13 


10 


4 


4 


6 






A 


7 


q 


7 


4 


3 


DIVISION 




3 


4 




9 


5 


6 


FRACTIONS 


3 


3 


6 




11 


8 


8 


MONEY 


1 


1 


5 










TIME 


1 


3 


6 




4 

• 


2 




SYSTEMS OF 
MEASUREMENT 




3 


0 




5 


5 


6 


GEOMETRY 




3 


2 




6 


4 


2 


APPLICATIONS 




3 


8 


9 


5 


4 


6 



Table i 



2.2 Content and Organization of the Subdivisions 

The ten content areas of IPI Math are developed at seven levels of 
difficulty, A-G. Each "unit" contains one specific content area at a 
defined level; for example, Multiplication-D. Each unit is composed of 
a carefully delineated, hierarchically arranged sequence of skills to be 
mastered. These skills are stated as performance objectives. 

A unit may contain from 1 to 17 skills. Each skill is presented 
in a consumable student booklet designed to teach 1 instructional 
objective. The back cover of the booklet is tne "skillsheet description 
page," listing the objective and the contents of the booklet. The front 
cover is the "prescription form," on which the teacher records the 
specific assignments made. 

There are four kinds of pages in each student booklet: 

1. Review pages (marked "r"). These review a skill pre- 
viously taught which is essential to mastery of this 
obj ective. 
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2. Teaching pa'jes ("t"). These Introduce new skills. 



3. Summary pdc,es ("s"). These include al l the behaviors 
a student needs to master the ikill. 

4. Curriculum Embedded Tests (CET). There are two in each 
booklet. They are miniature posttest*; which measure 
the mastery of the skill. 

It is rare for a student to do every sheet within a booklet. Rather, 
he does only what is necessary for mastery of that single skill. When 
he has mastered all the skills within a unit, this is recorded on his IPI 
student profile. Since IPI is a carefully constructed continuum of skills, 
with each unit building on what came previously, the learner proceeds In 
the system in a set order, completing all work at one level before moving 
on to more advanced levels of any one area. For instance, the sample 
student profile form in Table 2 shows the sequence In which this student's 
Instruction will progress. 
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2.3 Materials Provided 



The student materials consist of 359 student booklets, 1 for each 
instructional objective in the system. There must be enough booklets for 
each child to have a fresh book for each new skill. In addition, there 
are placement tests, pretests, and posttests, all consumable, and 27 
optional audio cassettes for lessons in Levels A and B. 

The student booklet is the primary instructional tool. If the 
learner has difficulty in mastering a skill from this, the teacher must 
supplement his instruction so that he can achieve mastery before going 
on to the next booklet in the sequence. 

There are also materials designed to train teachers in the procedures 
of IPI Mathematics and in techniques for individualizing learning. They 
consist of a films'.np, "Individualized Instruction and IPI," with an 
jccompanying cassette tape, a second audio cassette, "Identifying Instruc- 
tional Objectives," which presents two student case studies, and two 
training manuals. Volume 1, DiagKoeiyig and Pvaaaribing for Individualized 
'.^isi^n^HoHj and Volume 2, Managirig lyidividuatized lyietvuction, 

2.4 Materials Not Provided 

The developers say that supplementary textbooks or workbooks, teacher- 
made skillsheets, audiovisual materials, and manipulative materials may 
be needed. They should be keyed to the specific instructional objectives 
in the IPI continuum. None of these is provided. 



3. CLASSROOM ACTION 



3 . 1 Teaching-Learning Strategy 

IPI is a generalized treatment— that is, anyone ought to be able to 
follow the same basic procedures for preventing or curing individual, 
learning failures. Since it is based on the theory that the most cownon 
reason for failure is that the student is told to learn new things before 
he knows how to do the old things— tc divide before he can multiply— the 
first strategy is to find out on a continuing basis what the student now 
knows and doesn't know. This is called diagnosis, and is done by tests 
provided as an integral part of the IPI program. The second strategy Is 
to assign work which will produce the skills which were diagnosed as 
missing. This is called presi^riptfon and is accomplished by the teacher 
matching the pupil's test results to the IPI continuum of learning objec- 
tives. The third strategy is the inetmaUon itself. For the most part 
this is to be accomplished by the student booklets— like a textbook which 
has been divided into separate booklets for each skill. Within one class- 
room every student can be doing a different lesson. The teacher adds 
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Instruction which she herself devises if tne student booklet fails to pro- 
duce mastery, js measured by the posttests in the booklet. When both the 
student and his teacher berome fainriiar with Lm-j IPI system, the student 
is supposed to be able to I'lovc through thn continuum at his own pace. 

Six major steps are used by the teacher in planning each student's 
learning sequence and guiding him through it. 

1. The teacher must leai^n how to place i;tudents in the IPI 
continuum of skills. The IPI placement test is the first 
step. It is a general test, given at the beginning of the 
school year, which places a student in the urCt and l3i)el 
at which he will begin work. There is a placement test 
for all but the first level (Level A). Although teacher 
judgment is important ir deciding which placement test to 
administer, a general range is indicated: 



Level 
B-when ready 
B, C 
B, C, D 
G, D, E 
D. E. F 

!). i:. F 

The developers acknowledge that the system may be dif- 
ficult for primary children. Reading is a prerequisite 
for using the student booklets ctnd taking tests. Cassette 
tapes are available at Levels A & B for children who 
can't read. The system must be understood before a child 
can proceed independently. The teacher's manual suggests 
that the teacher assign student booklets at the A level 
and guide a pupil's work in them, using them as a model 
to teach how the «;/stem operates. In addition, vocabulary 
work Is necessary. Students should be given placement 
test B as they co-iplete the A booklets or cassette tapes. 

2. After placement, m a specific unit and level, an IPI 
pretest is given tc 'measure the s(.udant's proficiency 
in each skill in I'lvA level. 

3. Next, the prescription of the student's learning program 
within the level is made. The toachr- uses the pretest 
results to assign specific wock. in tne student booklet- 
whatever i;k1 lis the test shows t:- be lacking. In addition, 
a learning setting is defined so that a student is told 
whether to work in ind^iP*?nd'?nt study, with a peer tutor, 

or In a suial 1 group. 



Grade 



3 

4 

5 
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4. Now the prescribed program must be iinplenented. Usually, a 
student begins work Independently, freeing the teacher for 
tutoring and evaluatinq other students' progress. The 
student booklets comprise the major Instructional method. 
Although teaciier guidance may be necessary during a pupil's 
introduction to the program, students are to learn primarily 
from reading instructions and answering questions on the 
prescribed pages in the booklet. Most of the time students 
are expected to work Independently in their booklets. 

5. The teacher evaluates student progress on an ongoing 
basis, using the feedback from the student's daily work 
to write further prescriptions in the unit. 

6. The final step is measuring the student's mastery of the 
unit objective. When all the lessons prescribed in a unit 
have been completed as indicated (including successful com- 
pletion of the Curriculum Embedded Tests contained in each 
student booklet), the appropriate unit posttest is giver, to 
find out whether the learner is ready to move on to the 
next unit. 

Once they have learned the system, primary children are expected to 
work* in the student booklets in the same way as older children. In fact, 
for all students, regardless of age, student booklet instruction is flexi- 
ble only as to the pace at which they work. Booklets do not provide 
different activities for individual learning styles at any level. 

If paper-and-penci 1 exercises in the booklets do not produce mastery 
of an objective, then other instructional materials are recommended. None 
are provided by the system. The additional materials may be other texts 
or workbooks, teacher-made exercise sheets, and audiovisual materials. 
Manipulative devices are also suggested for each level. They are listed 
on the front of the student booklet with which they are to be used. A 
caution is stated with respect to manipulatives: "Remember, manipulative 
aids are o. ly helpful if students know how to use them. Students who 
don't understand their purpose will treat them as toys!" 

Free-time activities should also be available for students who are 
waiting for scoring or for new prescriptions. Activities are to be created 
by the teacher to supplemeni; or reinforce skills learned in the student 
booklets. Suggested free-time activities Include puzzles, games, open- 
ended material. Another caution is made: "In selecting free-time act1v1« 
ties it is wise to consider both the noise level and the amount of move- 
ment Involved." 

3.2 Typical Lesson 

It is math period for a class of 30 fifth graders. At the beginning 
of the math time, two students pass out the IPI Math folders to each student 
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in the class. Before work begins, the teacher introduces to the entire 
class a new fraction math game she has set out for free-time activity. 
After that, the students open their fo"!ders and aet to work. 

Five students are ready for pretests in new units. Two are working 
in units at Level D, two at Level f, and one at Level F, Following the 
written test instructions, the student working in Level D-Multipl ication- 
Pretest begins completing single digit multiplicaticn problems; when 
these are complete, he moves to six wo'^d problems. The next section 
asks him to complete multiplication sentences and to develop a nev' 
sentence for each part of an array. The final probleir.s increase in 
difficulty; the student multiplies a single digit and a three-place 
numeral and finds the product when tnree numerals are multiplied. Two 
other students have prescriptions which call ^'or posttests, one for 
Division-Level E, the other in Geometry-tevel 0. These seven go off 
to the school materials center to get what they need and then return 
to class and begin work. 

Eight students find in their folders new prescriptions assigning 
more work in the booklets in which they were working yesterday. They 
begin work independently. Three other students return to work on material 
they had started in the last math period. They are working in different 
booklets and none is hav:nq difficulty. When they are done, they will 
score them if they know hew or they will uo to the aide to have them 
scored . 

Peer tutoring is indicated on the prescriptions for two pairs of 
students. A small group of fout , all working on E-Geometry-4, is going 
to watch a film loop on triangles in the library. When tney return to 
class, they will work on a teacher-made skillsheet. The regaining students 
are working with the teoch^^r in measurement, after which they continue work 
separately in their student booklets for G- Systems of Measurement-4. 
One student has just completed the following page. 
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When the teacher has finished the measurement work with the small group, 
she answers questions of students who need help and writes new prescrip- 
tions for those who have out up small flags on their desks to show they 
are ready. Two students who were stuck had gone to play the new fraction 
game while waiting for the teacher to be free. 

At the end of the period, students hand in their folders, putting them 
in one of three boxes. One box is for folders of students who n«ed the 
teacher to give them new prescriptions for the next day; one is for those 
still working on their prescription; one for those who have completed work 
on tests o*' in booklets that need scoring. 

3.3 Evaluation of Students 

Ongoing evaluation of students' learning is an essential component of 
IPI. In addition to the placement tests and pretests, which determine the 
student's prescription. IPI provides Curriculum Embedded Tests (CET) to 
keep track of the student's progress as he works in one skill. -There are 
two CET '5 in each student booklet, and they are prescribed when the teacher 
decides that a student can probably master a skill. The posttest Is used 
to measure all the skills in one unit. It Is similar to the pretest, but 
not identical . 

3.4 Qut-of-Class Preparation 

Teacher. In daily planning, the teacher is primarily concerned with 
management rather than preparing lectures, demonstrations, or designing 
activities for students. If she has organized the use of time, materials, 
supervision, and space before class begins, the teacher can give a lot of 
Instructional assistance to individual students. In order to do this, the 
teacher needs to write all needed prescriptions before class, prepare all 
supplementary materials and organize all supplementary texts and needed 
manipulative aids so that they are accessible to students. She must also 
plan students' activities— who will be working independently, who with 
peer tutors, who in teacher-directed activities— and organize the space, 
if needed, to accoimodate the activities. In addition, the teacher attends 
planning sessions scheduled by the admini-.trator at least once a week. 

Student . There is no student hornowor< in IPI. 

3 . 5 Role of Other Classroom Per sonnel 

Teacher aides are essential to the functioning of IPI. During class 
they are expected ^o score and record the ski 11 sheets and tests that are 
not scored or recorded by the students tltsmselves; help students read pre- 
scriptions or skillsheet instructions; ^s-^ist students in obtaining materi- 
als; help with classroom nid/.agement if the ttacher requests. Outside of 
class, aides keep student files current; prepare any materials needed by 
the faculty for planning sessions ; organize, inventory, and order IPI 
instructional materials. Aides do not tutor or teach students. A guide, 
Aidinj JPI rJathemutics - A Manual f. n S^ujhev H(L3 in IFI l-htitemtiaa, 
clearly defines an aide's responsi'bi'iities. 
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4. IMPLEMENTATION: REQUIREMENTS AND COSTS 



4.1 School Facilities and Arrangements 

IPI can be used In any school settlny (self-contained classrooms, 
open-pod schools, etc.) and student grouping arrangement (graded or non- 
graded classroom). Some place is needed for storage of IPI materials, 
but whether this be In the Individual classroom or in a central place 
for use by all classes is a school decision. 

4.2 Student Prerequisites 

Reading ability is a prerequisite for a student to use IPI, except 
where audio cassettes are provided at Levels A and B. 



4.3 Teacher Prerequisites 

IPI teachers do not need special mathematics background. However, 
they must receive training in the use of the program. This training 1$ 
left to individual school administrators. IPI has produced two training 
manuals, a filmstrip with an accompanying audiotape, and two case studies 
on cassettes for teacher inservice. 

The film strip and tape introduce teachers to IPI's view of individual- 
ization and workings of the IPI system. The manuals, aside from presenting 
detailed information on how to use IH Math, attempt to trouble-shoot prob- 
lems that may occur. 

4.4 Background and Training of Othe r Classroom Personnel 

T eacher aides . Training for teacher aides is essential. The responsi- 
bility for tnis Ties with the school administrator; a training manual is 
available. 

Administr ators . Training of the school principal is required when iPI 
is introduced. The publisher pays for a three-day training session provided 
at various sites throughout the United States, but principals must provide 
for their own transportation and accommodations. The number of administra- 
tors eligible for training from one school or district depends on the 
number of students using IPI Math, as follows: 

Enrollment Trainees 

150-400 1 
401-800 2 
801-1200 3 
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4.6 Demonstration Sites 



The following are schools where 
conducted. 



IPI training for administrators is 



California; 



Florida: 



Georgia: 



New Hampshire: 



New Jersey: 



Texas: 



Washington: 



Mariners Elementary School 
2100 Mariners Drive 
Newport Beach, Ca. 
Earl Bjelland, Principal 
phone: (714) 646-4835 

Oakland Terrace Elementary 
2010 West 12th Street 
Panama City, Fla. 
Paul Boswell , Principal 
phone: (904) 763-2252 

Lake Park Elementary School 

Lake Park 

Valdosta, Qa. 

Charles Bethea, Principal 

phone: (912) 559-5153 

Paul A. Smith Elementary School 
Lawndale Road 
Franklin, N.H. 
Robert Ross, Principal 
phone: (603) 934-4144 

Allenwood Elementary School 
Allenwood Road 
Allenwood, N.J. 
John Gasparini, Principal 
phone: (201) 223-9858 

Lincoln Elementary School 
1319 C. Lovett 
Edinburg, Tex. 
Andrew Lopez, Principal 
phone: (512) 383-4994 

Midland Elementary School 

2300 105th Street, East 

Tacoma, Wash. 

I. B. Eliason, Principal 

phone: (206) LE7-0211, Ext. 297 
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5. PROGRAM DlVELOPMENT AMD EVALUATION 



5 . 1 Progra m Jevelopment 

During the school year 1963-64, the Learning Research and Development 
Center (LRDC). at the University of Pittsburgh, and the Baldwin-Whitehall 
Public Schools of suburban Pittsuurgh initiated a»^' experiment to investi- 
gate the feasibility of converting an entire K-6 school to a system of 
individualized instruction The passage of Title IV of the Cooperative 
Research Act provided the funding needed for beginning this cooperative 
project at the Oakle.^f School. LRDC served as the major initiator of IPI 
Math products, installing them in Oakleaf during the 1965-66 school year. 
Appleton-Century-Crofts Publishers secured a copyright on the early ver- 
sion of the IPI Math materials as they were being tried out in the OaHeaf 
School, and also contributed expertise to the later production of materials. 

In 1966, Research for Better Schools was founded as the regional educa- 
tional laboratory for Eastern Pennsylvania, Delaware, and New Jersey. One 
of Its initial efforts was to take iPI Math from its beginning stages in 
Oakleaf School to its instal* ;t.ion in more than 300 scnools around the 
country. 

In the 1966-67 school year, IPI Math was instituted in five demonstra- 
tion and development schools. Staff from these schools were trained in 
the summer of 1966, and during the school year several thousand visitors 
saw IPI being used in these five schools. RBS staff visited teachers in 
the demonstration schools at least onc^ a week for feedback on changes 
required in the materials. Information was gathered from student perfor- 
mance on IPI tests, classroom observations of procedures and attitudes, 
parent, student, and teacher interviews, time needed for students to move 
through the program, and standardized tests. 

During the sunimer of 1967, several activities were undertaken by RBS, 
LRDC, and Appleton-Century-Crofts. The materials for use in the 1S67-68 
school year were being pi^T^-^hod hy aCC. These represented the first 
major revision of the IPI materials. They reflected many revisions in 
sequencing of skill objectives and in format, which had been made by staff 
members of LRDC and RBS, along with teacher, in the 5 demonstration 
schools. Also RGS began a p . lot test of the materials in 15 other schools. 

Materials were continually revised according to feedback received 
from operation of the program in the pilot schools. Changes were always 
tried out first in the 5 denonstration schools, where almost continuous 
contact with KSS staff was maintained. When changes were effective, they 
were sent out to the 15 pilot schools, where less frequent contact was 
maintained. Changes in the materials continued until the final commercial- 
ization of IPI Math in September of 1972. 
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A new version of IPI, Individualized Mathematics, incorporates and 
stresses the use of manipulative materials, including Dienes blocks and 
number lines, at all levels. Because addition of luanipulatives increases 
the cost of the program, developers plan to prescribe some manipulatives 
and make others optional. While inclusion of manipulatives is the major 
difference between IPI and Individualized Mathematics, developers have 
also attempted to break the tight sequencing of IPI by providing alterna- 
tive sequences of units. Although teacher training materials have r.ot 
yai bean developed, a representative from Research for Better Schools 
says that teacher materials will be based on a ttjaching mode similar to 
that used in the programmed student booklets. During 1973, materials 
were field tested in several first and second grades; because additional 
funding was not received, further development and field testing has been 
discontinued at RBS. A representative from Learning Research and Develop- 
ment Center notes that a publisher is interested in distrihuting the pro- 
gram, but no firm plans for commercial diss*imi nation have yet been maHe. 

5.2 Developer's Evaluation 

The IPI evaluati. n prog'^am has been geai cd to assessing the objec- 
tives, operation, and degrf.e of implementation of IPI in the demonstra- 
tion and pilot schools. In the early stages of IPI. evaluators were also 
functioning as developers and disseminators of the program. Their r'ole 
in refining the curriculum and management system was difficult to isolate 
from their role in developing it. RBS published the second progress 
report on IPI in March of 1971. This contains references to more than 
30 studies conducted from 1966 to 1971 by LRDC. RBS. and participating 
school personnel, whose goal was the improvement of IPI Mathematics. 

Several sources were used to gather information. The first v;as data 
from student performance on all IPI tests— placement tests, pretests, 
posttests, and Curriculum Embedded Tests. Data on students' rates of 
learning was collected by recording the time required for students to pro- 
gress from point to point in the sequenced continuum. Classroom observa- 
tion was used to examine teacher, pupil, and teacher aide implementation 
of desired procedures. Conventional instruments were also used, such as 
student attitude inventories, parent interviews, pupil interviews, teacher 
ratings. In addition, results of standarJizeJ acl<ievefr.ent tests were 
sometimes used. 

5.3 Evaluati on Resul ts 

Since one feature of IPI U that it is being ;ontinuously modified 
on the basis of student performance data, it is not intended to become a 
fixed program which can be given a final assessment. Therefore, any 
evaluation is seen by IPI as a description of what »^esults have been pro- 
duced at a particular stage of the program. Chanoes In the system have 
resulted in a general Increase over time in studc:)t performance on IPI 
objectives. This is seen as an inJication of IPI effectiveness. 
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Reporting results of student performance on standardized tests 1s 
seen as merely describing how IPI students working in a particular type 
of school in a particular type of cominunity do on whichever tests are 
typically given 1n that school. They are not seen as an evaluation of 
IPI effectiveness because standardized tests do not measure student 
mastery as defined by the instructional objectives of IPI Math. RBS 
reported more than 25 studies which compared standardized test results 
of IPI students with non-IPI students in the same schools. There is no 
consistent pattern of IPI or non-IPI students performing better on the 
skills measured by standardized tests. 

RBS did report that their findings in the affective area indicated 

that IPI students have a positive attitude toward school and learning, 

and demonstrate a change in social behavior. Also, parent reactions were 
reported to be positive. 

In an overall sense, IPI is able to claim that by using the system, 
students will achieve nastery of the instructional objectives as defined 
by the system. 

5.4 Independent Analyses of the Program 

Because of IPI's school-wide scope, its renown, and Its reliance on 
orogranmi ng and systems theory, IPI has been the subject of intense 
'interest and many independent studies and commentaries. Those studies 
that Involved comparisons on standardized tests 1n general indicated no 
significant differences between IPI and non-IPI students. Findings In 
the affective area varied, with some reporting IPI students' self-concepts 
seem higher (e.g., Sandvick - An Evaluation of IPI [Math] Procedures, 
Carmen School, 1968-70, Waukegan School District 61, Illinois), and 
others reporting the contrary (e.g., Ms. Karin R. Myers - The Self Concept 
of Students in Individually Prescribed Instruction, Center for Innovation 
in Teaching the Handicapped, Indiana University, April, 1972.) 

Most prominent have been analyses which express concern over the 
effects of the IPI system. One argument has been that the Interpreta- 
tion of individualization by IPT has concentrated on individualizing 
the pace at which students move through the system wnile little 
attention has been given to children's varying learning atylea. 

Rodney Tillman, Dean of the School of Education at George Washington 
University, ooposes the IPI program for being based on a "what they should 
be taught" approach, rather than on a child-centered approach based on 
"observation of how children learn." 

The actual name of the program leaves me with concern. 
Usually we associate orescriptions with sickness, and 
while it may be i-elpful to "prescribe" for those unable 
to function in a normal manner the prescription approach 
for all children leaves much to be desired. 1 
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A challenge of IPI's assuoiptions and performance arises from 
a University of Illinois study in which fifth- and sixth-grade Urbana 
students, who had used the IPl program since first grade, were given in- 
depth clinical interviews in cne style of Piaget to assess their under- 
standing of basic arithmetic concepts. Stanley Erlwanger concluded that 
these students, who are successful according to IPI criteria, reveal a 
basic misunderstanding of arithmetic. 

The insistence in IPI that the objectives in mathematics 
be defined in preci«;e behavioral terms has produced a 
narrowly prescril>ed mathematics program with a corresponding 
testing program that rewards correct answers only, regard- 
less of how they were obtained, thus allowing undesirable 
concepts to develop. . . Through an over-relitnce by the 
teacher and pupil on the adequacy of IPI, and through the 
highly independent study by the pupil, the teacher is 
prevented by her perception of her role from understanding 
how the pupil learns and what he thinks. The rigidity of 
the IPI structure and its programmed mode of instruction 
discourages the use of enrichment material, and tends to 
develop in the pupil an inflexible rule-oriented attitude 
toward mathematics, in which rules that conflict with 
intuition are considered "magical" and the quest for 
answers "a wilJ goose chase. "2 

Eugene D. Nichols, Director of the Department of Mathematics Educa- 
tion at Florida State University, comments on the problem- solving goal 
of education in relation to individualized systems. 

There are two essential Ingredients in the educational 
process which are necessary for teaching individuals to 
face novel problem situations: (1) the face-to-face 
discovery process— a back-and-forth encounter between 
a mature mind and a developing mind, and (2) a "room 
for disagreement and questioning" attitude op thp part 
of the learner. No individual 'system in existence today 
has these features built into it. Furthermore it cannot, 
because a mind-to-mind confrontation leads to the unex- 
pected, and that cannot be mapped out in advance. 3 

Alviri Hertzberg and Ed /ard Stone, elementary school principals who 
are proponents of the open education methods practiced in British primary 
schools, analyzed the IPI approach in Schoole Ax^e foi> Children in 1971: 

Just as the textbook sequence will not fit each child, 
the programmed sequence will not fit each child. At 
its worst, this mode of instruction pays little atten- 
tion to principles of child development; at its best, 
it directs its energies to the realization of an 
achievement goal without taking into account many other 
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vital interests and attitudes of the child, anJ without 
proper concern for the mavy individ'.'aVi 'Od ways of 
learnimj. 

Underlying the concept cf a fixed scope and sequence in 
curriculum are assumption^ that all children must be 
exposed to a set body of knowledge, that there is a 
basic amount of information to cover, thot Llifi'-e ^^^t 
required skills which must be taught ii: a certain 
order, and that all children should learn the same 
things in the same v;ay, and often in the same amount 
of time. But ere thyse assumptions valid. 

It i«? important to note that developers have Initiated a new 
version of IPI. In this version, Individualized Mathematics, they 
have attempted to break th? tignt structure of IPI by providing alterna- 
tive sequences of units, 'ihv new program also Irtcorporates the use of 
manipulatives. 

5.5 Project Fund ing 

The following infonnation was obtained from a January, 1972 report 
done by the Amencdn Institutes fur Pxesearci- in the Behavioral Sciences 
under contract to the Ofilca of Education. 

Funds for the develop.ient of IVl Math have cone from four basic 
sources: 

1. U.S, Office of Education, through funding tr- the 
University of Pittsbut'gh Lerirning Research and Development 
Center, and throjgii funding to tne regional laboratory 
for Pennsylvania, Delaware, and N'pw Jersey, Research 

for Better Sctio^is, Inc. 

2. The University of Pitisburoh, with additional grant- 
and contract support from ti'ie Andrew J. Mellon 
Educational' and hhari table Trust, the Carnegie 
Corporation cf lie:: York, I'le Ford Foiindation, and 
the Office of M.-ival Resea':'a. 

3. Funds from tne L'.a1dV(in-Whitehall School District. 

4. Considerable develop'.nental monies provided by the 
Ap|)l:iton-Century'Crofts Put)1ishino Company. 

5 . 6 Project Staff 

Tne Learning Research and Development Center of the University of 
Pittsburgh (LRDC) and Research for Better Schools, Inc. in Philadelpnia 
(RBS) have cooperated in the development and progress of IPI since 
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June 1966. Robert Glaser of LRDC was the major source of tne develop- 
mental concepts of IPI. Other key personnel at LRDC Include: John 
Bolvin, Director of the IPI Project, C. L. Linvall, Associate 
Director, William W. Cooley, Co-director, and Glen Heathers, Lauren 
Resnick, Richard C. Cox, Joseph I. Lipson, John L. Yeager, and Richard 
L. Ferguson. 

At KBS, major responsibility for IPI has been held by James W. Becker 
and Robert C. Scanlon, Executive Director and Program Director, respec- 
tively. Both 0^ these men received their initial contact with IPI while 
employed by public schools in the Pittsburgh area. 

Also, personnel of the Baldwin-Whitehall School District of suburban 
Pittsburgh cooperated in the development of IPI, including W. R. Paynter, 
Superintendent. 
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FOOTNOTES 



1 Tillmari, Rodney. Do schools need IPI? no! Educational Leaderohip, 
29. (6). March 1972. pp. 496-498. 

2. Erlwanger. S.H. Benny's conception of rules and answers in IPI 
mathematics. The Journal of Children' a Mathematical Behavior, 
(Urbana. 111.: University of Illinois Curriculum Laboratory). 
2. (1). November 1973. pp. 5-26. 

3. Nichols. Eugene 0. Is individualization the answer? Eduaatioml 
TeAmolocjy, XII. (3). March 1972. p. 56. 

4. Hertzberg. Alvin. and Stone. Edward. Sahoots Are for Children, 
New York: Schocken. 1971, p. 37. 
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INDIVIDUALIZED MATHEMATICS SYSTEM (IMS) 



INTHOiJUCTi'jN 



BtSl con WMlABLt 



idii-KKuzg ■.'.7 •; : .j u. h<..i' Hl.y ■'■■... 'n j\>Lo.ev axd Vi-vuvm to 

he-- i;i::ic. ;" ■ ■ -jr. .-K J'jivlon-l>sOi:.1 U'^ whiSn che 

icj.a ■j.^i'-'-^.^v: ... vt. . '-.Li- nl'^^.^i:^ cryavU'tcd •'. t Xiid rfeis to Uovk. 

uKSb"-'!' keje ai'i .-':•.-:;■■!. j'U.i .•i^i'yt'Ji'j : j'-j .'i't- uT'e aix- ekill:j in this 
N*?'* t'anc; .•/(.^/'-•>--'/t-.-: '.I:;' ',7 ; J : = J Ir'dic i'jeJ foi' ■.d t nix i}'':Hi3. 

on-' '-ij.vks k-j>' • ' i'le /..a'.- j'.K'V'; /it. ' yol-d(^-p and ahe-jke het' 

c:\)file :u>ax't . .. . - ■• :'.n.'- jc'.ivs ^'. .< '3 Fi'CiCitions-LiiV:'l iV. 

Jane fivdi} t:K^ - : -/Vv umr. J/'; J- /xze U:ii'n<;d }ioi) to work 

ishe hill :<sk U'ji' . c •' u ;.v.o "pv^nr'^riui, >..uv. f'.^"f-i" assLjnintj iiK.-2'k 

in j2Wjtionc; . m^iu'^'icn t^ ..av- ji. '^yj^ntut h^L in u Ui^xt nv a ucrk- 

book but on eei\ '..j:-.::: lo.}nLr.'it--id .rorkeh<:.'it^ 'Contained in tdia 

Fmati.'nc IV ''ak' II \'/yj>'j iht^ c'Kilf-t'Jf.jhd.ng Uejjyi^ 

ape liejei'.il cuit'-.^i- ■' /y •.ji^h rcsi^tipuiavive mu.tiM'ioU to he uujd 

■acicovdir^ to ulr-.^i'' k'--'r ><,■■• pci'.>v ^j' ■J-j.ne's fvaotions pvutfcvipticn 

uiLt it' a "act-i.-ui-"—-: j 'ouo yi-cjcwt- ard dit^cu-ssion with pthtip yupiU- 
^^■oi'king i-i. fn:. ■ x'-d.-i crA Lh : ;•/>. -ju'it^'s jl-aomatos are alt 

at differev-- ^-tu^-^s r.''''r o-yf:.^";, hiv% 'J',i>hir^j through similav ^iio'Uj. 

Iridioidual . , is an outgrov/th of the curriculum 

developments of tiia 1960'^ which produced I>Jividtially Preeovibed 
rnstvuct ij-t. IMS \:> a conulete p^oyratn reorganizing the traditional 
elementary naciiiriii-nncs CLirr iculuin into a sequence of 393 behavioral 
objectives amj prf^' idiny Tristr'uctional materials and tests so that 
students can nvr>qyez:. ihrojgii tiiu system at their own rate— not affected 
by their gr'.\(lp U'va"! .w by tne provj^ess of other students. But IMS has 
several featu^-as wiiicn d i .tidguish ii from IPI, its predecessor. There 
is a Vfiriet.y of (n--v.Mjcci'j.'^f.'V niaiuria i ^'deluding paper-and-pencil 
exerciser but :i''-o a-;! i'M ?: ; lciS5;ons using manipulative materials. The 
lessons are not in ro^'^o'^^l'^; bcoklat^ but on ai>proximately four thou- 
sand large, illustrar^jj, 'o.niruted worf.slieets , which are reusable by 
other student';. lU'tCt iais not desivjned to be "teacher-proof"; 
the develooers str(^sr.9G -hit t'<^e teachar was to be not only the manager 
of the children' ^. .. chvounh ln« :,yscem but also the provider for 
each child's ^ndiv idu-::"' 6^.//.. of 'iiiarning. 

Devel .'5ped by ion.il Lechnoloyists at the regional educational 

research laLoi-ato'-y Li.ir:\Ti'. North Carolina, and field tested in 
Carolinas and Virginia - Icr^vrooins, IMS is a complicated, comprehensive 
inatheiiMf ;s !),'oyr ';: . 'K ..scrlbei d p^^t-t/ise instructional sequence to 
be followed, but alio attt:ii'ijti tc inject more teacher-pupil and pupil- 
pupil interictioii iiu/j Z'\ii jgriii.;'!ied curriculum. 
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BASIC INFORMATION 



Projvm ncoie: Individualized Mathematics System (IMS) 

Foi'mt: Series of 3,994 instructional activities organized into 11 con- 
tent strands. Each strand is divided into 9 levels of difficulty. 

Uniqueneaa: Individualized instructional system. Plastic laminated work- 
sheets u!*ed at Levels II-IX. (First-level lessons are in 11 consumable 
booklets.) Use of teacher-supplied manipulative materials with some 
lessons. 

Content: Concepts and operations of mathematics organized into strands 
of numeration, addition, subtraction, multiplication, division, 
fractions, applications, «ioney, time, measurement, and geometry. 

Suggeoud use: Complete curriculum for grades 1 through 6. 

Tapget audieruj^^: Students of all abilities, grades 1-6. 

Length of use: Daily use, 30 to 45 minutes, for six years. 

Aide for teachers: Systems Management Guide. Inservice training course. 

Date of publication: 1973. 

Direator/DcveloiJev: The late Frank Einmerling was the principal developer. 
After May, 1970, development was completed under the direction of 
James W. Knight at the Center for Individualized Instructional Systems, 
a division of the National Laboratory for Higher Education, Mutual 
Plaza. Durham, N.C. 27701. (919) 688-8057. 

i\ibliahev: Ginn and Company, Division of Xerox Educational Services. 
1901 Spring Street. Lexington, Mass. 02173. 
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1. GOALS AND RATIONALE AVAILABLE 



1 . 1 Qoals 

IMS come!-, out of the ' bro:k the lockstftp" inoveinent for individual- 
ized instruction, '.vhich soucjht to give the feelings of success to both 
slov/ and quick learners in the same clasopoom by differentiating the 
pace at which they learned but not the quality of what they learned. 

h:.: 'j!:luiH\j ^■i'|^s:-r':^!i^ J ^:cr-*u: ricn— page 101) is the 
in.;;ediate forerunner of IMS. 

Believing that low achievers are neld back by feelings of failure 
as much as by low ability, the pioneers in Individualization sought to 
design instructional programs which would give these students experi- 
ences of success and vould prove to their teachers that so-called slow 
stjdeiits could master the same content as average and bright students. 
Eacfi student was to be freed not only from his fellow students but also 
from dependence on tne teacher. He was to work through the curriculum 
at his own speed, doing a new lesson only when a short test proved he 
had nastered tne prareqt^isi te material. It was expected that if the 
student gained his Q.vperienco of success by comparison with his past 
work, not by comparison with his fellow students, he would greatly 
increase his incidence of success and his motivation to continue 
learning. 

The first individual izers took for granted that there 1s a single 
body of mathematics which all children should master, and that the cur- 
riculum writers unders':ood the mental processes of mathematics well 
enough to be able to 'r-pec-ify a "hierarchy of competencies" which all 
learners should pass tbrough--each at his own speed. IMS developers 
«;hared these beli?''r.. However", IMS developers judged that IPI lessons 
didn't provide students enough variety in style of learning, so they 
sought to add nore choices as to h,-^^ skills could be learned. They 
did not leave open to teache>'s or students the choice of what was to 
be learned or -.-'i^r, all students were expected to master the same 
content in the samp order. 

Early experiments with indiviciudlization showed that a class pur- 
suing many individual leurnino pa^hs could become a wilderness in which 
each solitary 1 iarnor tru'J.gad on within sight and earshot of companions 
bjt isolated by nix singular tssk. Thus another major goal of IMS was 
to bring the student into closer touch witn the teacher, who could act 
as a tutor, and to help the teacher bring individual students' paths 
together fro.ii tinie to tirrie by mean'; of group instruction and partner 
or :ina]l-c;rojD projoctr . 
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IMS developers set out to inprove the model established by IPI in 
the following ways: 

1. To reduce the verbal content of students' lesson inaterials, 

2. to make tne printed materials attractive to cnildren and 
relevant to their everyday experiences, 

3. to include a variety of instructional styles offering 
different avenues to learning, 

4. to give teachers a. more creative role, 

5. to develop efficient installation plans and classroom 
management techniques, and 

6. t« lower costs substantially. 

Using IMS, students are to (a) master the learning objectives In 
the sequenced continuum, (b) proceed through the system at a self-paced 
rate, (c) become responsible for their own learning and achieve an 
enhanced self-concept. The mathematics to be learned is similar to that 
presented in traditional math programs--mainly number concepts. 

1.2 R ationale 

The thinking which produced IMS is a combination of recent ideas 
about the way people learn coming from two divergent directlons-- 
behaviorist and developmental learning theory. First of all IMS Is 
based on the precepts of behavioral psychology and systems theory. 
Educators and learning psychologists committed to these ideas believe 
that any teaching task can be accomplished oy breaking subject matter 
down, ordering it into a SQquence of component bits, and administering 
each bit to each child separately. This way the student digests only 
one bit at a time--and in his own good time— and receives a reward 
(success) with alr.ost ever> bite. This procedure is expected to 
guarantee that the student never encounters a learning task that his 
mind Is unprepared for and also that the student forms a habit of 
s-.tccess and a self-image as a learner. Syste'iis technology, derived 
from very large and oo iplex enyi peering and n^anaganent enterprises, Is 
applied to education h-: a i.'av of Veeping the separate learning bits 
firmly attached to a wnole rix-year curriculum, as well as enabling one 
teacher to keep track of the separate* learning paths of a classroom of 
students all working on diffortnl lessons. The expected pay-off for 
this whole prcccdurs is that the slow student should be able to master 
the same kn^wlocige as the brijht one, not a watered-down version. 
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Although IMS is basically an application of bchaviorist programming 
and systems theory to ele:nentary mathematics, it also reflects recogni- 
tion of some limitations in IPI (IMS' forerunner) and a consequent attempt 
to compensate for thorn. IMS developers believed that children need to 
like math for its own sake, not just for the reward when they are success- 
ful. One key to enjoyment of learning was thought to be variety in ways 
tc learn--more than paper-and-pencil exercises in a workbook. Although 
th^^y believed that each child should work at iiis own pace, IMS developers 
did not believe the student should work by himself all the time. Most 
important, they believed young children need to understand math concepts • 
through inipt-dcLiCiil experiences with concrete objects before they are able 
to work with abstract symbols like numbers and letters. In tliese reiipects 
IMS developers were influenced not only by their own and teacharu' obser- 
vations of children's wot k with IF! but also by the learning theories of 
developmental ists Jean Piaget and Zoltan Dienes» which began to influenctS 
American educators during the years following the first enthusiasm for 
programmed learning. 

Piaget theorized that the child's most jjficUyit (not just enjoyable) 
path to abstract logical thinking is his gradually developing uiidtff- 
standing of his interactions with objects, happenings, and people In his 
immediately surrounding environment. Dienes designed material., that 'isam 
like toys but embody math concepts and thus can be used by teachers to 
stimulate the growth of conceptual foundations for later work with 
abstract numbers. 

IMS developers added such experiences and materials to the lessons 
in their continuum. However, it is important to recognize that IMS uses 
materials to illustrate, activate, and make mora interesting lessons 
already prescribed, whereas other interpreters of Piaget consider that 
there is no one continuum of behavioral objectives appropriate for all 
children, and that prescribed schemes of objectives do not adequately 
allow for the variety, complexity, and sophistication of children's 
thinking. 



2. CONTENT AND MATERIALS 



Z . 1 Conte nt focu^ 

IM3 presents d mcithematics curriculum for grades 1 through 6 
which is comparable in contenc to modern textbook series. IMS arranges 
the content into 11 topics, called "strands," 7 of which deal directly 
with number and operations. Three of the remaining topics— measure- 
ment, money, and tif.vu--ali,o are based in number concepts. (Both 
English and metric ntoburemant system^, arc* taught.) The last topic 1s 
geometry. Sets, lagic, striti sties, probability, functions, graphs, and 
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algebra- -modern math topics tauqht in some recent elementary math cur- 
riculu!ns--are jb^sent. The ^am content ii. tau'jht to all students. 

2.2 Co ntent ana O rc,-d ni2atio n of_t he Subdivisions 

The 11 topics in IMS are Numeration, Addition, Subtraction, 
Multiplication, Division, Fractions, Applications, Money. Time. Measure- 
ment, and Geometry. All are introduced at tijr^ fir-.t-grade level and 
taught in the order listed above. Within each topic, a sequence of pro- 
gressively more difficult skills is to be learned, 393 in all. (These 
are not the same objectives on which IPi based, for IMS developers' 
intent to reduce the verbal content of IPI lessons led them to re- 
examine IPI's mathematical content as well.) These skills (stated as 
behavioral objectives) are organized into 9 levels of difficulty. 
Several topic skills at the sar^e level comprise a unit; for instance. 
Multiplication, Level V. All of the Level I units are taught in order 
to the whole class at the same time. Beninniriq with Level II. students' 
progress throuyh units is self-paced but prescribed by the teacher on 
the basis of place;nerit tests and unit pretests and posttests. In Levels 
H through IX a student nay vary tne order in which tonics are studied 
only if the diignostic tests show he already possesses na'-.tery of some 
units. 

Since IMS is an uninterrupted sequence of skills, and each topic 
builds on the one above (see Table 1), the student starts filling in 
the knowledge gans which appear on his profile chart always by working 
on the unit which is located in the topmost lefthand square in his 
chart. For instance, the Student Profile Form below shows that this 
child win be assigned to work on Division, Level III. After he masters 
this he will inove to Muitiplicition, Level IV and work down the IV 
column> skipping Money, Time, and Measurement but doing Geometry, before 
starting Level V a^: the top, f^umeration. The program is always to be 
used in this sequence. 
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Table 1 



2 . 3 Materials Provid ed 

Student . Level I materials consist of 11 consumable paperback 
Skill Booklets, 1 for- tooic. These are v/orkbooks for student 
practice of skills taught by the teacher to the whole class. For Levels 
II through IX, there ^re 357 Skill Folders, each containing from 6 to 
20 separate instructional pages. There are 4 different kinds of pages 
in each folder: 

1. Guidelines. These state the objective to be learned, 
list the workp?gas and their content, and indicate 
the vocabulary that should be learned and special 
materials that are needed. Guidelines are a summary 
of the folder's contents. 

2. Workpages. There are three different kinds of work- 
pages: teaching pages present the concept; practice 
pages provide for using the concept; extension pages 
provide for I'siny the concept in combination with a 

• previously learned skill. 

3. Check-tests. There are tv^o in each Skill Folder. 
They are miniature posttests. 

4. Activity pages. These are assignments for projects 
or games giving the student experience with a skill. 
Activities may be for one child, partners, or a group. 

The worksheets are color-coded so that each topic is identified by 
one color throughout the system. Each worksheet is plastic laminated, 
and students mark on the plastic with special IMS pencils. After the 
student completes and checks hir: v/ork with the answer keys, and records 
results, he wipes the sheet clean and returns it to the storage cart. 
Thus one set of materials stored centrally is sufficient for a whole 
class. Included in the central supply are consumable placement tests, 
and unit pretests and posttests. Each child has a folder of his own, 
which contains his pupil profile, prescription form, and work that is 
current. 

Cartoons and drawino?, are used wherever possible, both to make the 
program appealing to chiliren and to minimize dependence on reading 
skill. 

Teacher . The teacher's oasic resource is the Systems Management 
Guide, a 176-page bound volume describing the complete program and pro- 
cedures and including samples of student materials and forms. The 
Guide also contains directions for teaching the lessons, called "seminars, 
which comprise all the instruction at Level I, and which provide a large- 
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£,roup mode of instruction, offering reinforcement and practice, at the 
end ot each unit in Levels II-IX. The teacher receives duplicating 
masters for student profiles, preicriptions, and class profiles. A 
mobile cart, to store materials for 100 students, is available. 

2.4 Materials Not ProyJ.ded 

Manipulative materials are called for throughout IMS. All materials 
are to be provided by the teacher. A suggested materials list divides 
materials into four classes; 

1. Supplies: general office an^ school supplies, such as 
crayons, tape, rulers, scissors, magnets, pipe cleaners, 
etc. 

2. Math materials to buy: specifically math-oriented 
materials, such as blocks, centimeter rods, play money, 
inch cubes, etc. Suggested vendors are noted, and 
those materials essential to IMS are starred. 

3. Materials to make: includes number cards used in 
activities, number liies, transparencies for overhead 
projector, etc. 

4. Materials to bring from home: coat hangers, egg 
cartons, paper cups, toys, etc. 



3. CLASSROOM ACTION 



3.1 Teaching-Learning Strategy 

The necessity to allow for the varying rate and state of ease with 
which fast, slow, and average students within the same classroom will 
master the same objectives causes the abandonment of the technique of 
whole-class lessons conducted by the teacher, and the installation of 
educational technology to handle individui^lized instruction. This 
technology consists of individual lessons presented by "self-teaching" 
printed materials in a p?.cket, not bound in a book, plus a battery of 
short tests telling ivhen each student is to study which lesson. In 
this system the ceacher acts to teach students how to use the system 
efficiently and as a backup to the system. The procedures are as 
follows: 

1. The Plaamem Test datermines the level at which each student 
should begin Instruction in each topic. The student takes 
the placement test only once, when he enters the program. The 
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placement test is a priiiced C;2-pdge, tonsunable booklet divided 
Into Part I and Part II. Each part has a 10- to 12-ni1nute 
test For each of t!ie Vi topics. Each student takes eithei^ 
Part 1 or ?!sv\. II 'ji' r.-ich i.esl. Teachers are supposed to 
correct the plactiiiciii tescs themscWes, Lherciby (jathoririg froni 
answers to inJiyiduai ^,e•.^'c items more precise diagnostic informa- 
tion than the tost i.cores alone reveal. The scor-^s do tell the 
student''.^ yentiral co'iipecency level in each topic, and this 
information is plotted on a /u.i- Ln^. iv^fTe .-'ji-n for each 
student. 

2. Vlorking rroni the [-roMle, the teacher assigns each student the 
L->i'^'teet for tiie first unit which show::, up as uniP?stered on 
his profile, for instance, in the profile on page 109, that 
pretest asi,kjiied v.'oul"' be Multiplication, Level IV. The pre- 
test results show wiiich skills, if any, within the unit the 
student alret^.dy knov/s, and thus can skip. 

3. FveQ^-^ii^-^-u^]^i ar(; made rroii' the pretest results. A prescrip- 
tion starts With an rissign.i.cnt to learn the fii'st skill missed 
on the pri^Le^t, study iny a series of ..xn-kpugei? . As the 
manager of the child's Uarning, the teacher is responsible 
for writing the prescription, aithouoh in the upper grades 
students theinselveb can loam to do i:hi:.. The teacher is 
expected to knov/ \vj\i edch child learns best; how big a chunk 
of wcrkpages to prescribe ac one time; and what kinds of work- 
pages will \i2 TiOsu effective. 

4. Work in a s--- 1 i. '•oldc-t now gt?ts undorway. There are different 
kinds cf worispages appearing as seperct'j, unbound sheets within 
each folder: tMching pages, nractice pages, extension pages, 
checkup i:5:sts, and activity pages. The latter are projects 
for one or more uhiictreri, providing e<perience with a particu- 
lar skill just i.e-irnrjd. The. student scores his own workpages 
from the an.swGr kny in the IMS supply cart, and records his 
results on his preicrir.-!:ion form. 

fi. SoMCitiir.'? durir.o hi-; wort, in a unit tho studeni: participates In 
a •■sfe-.v/ia/'j a Urk vo,' pdi^'s or teams of students all 
wo'-kino on ':hc sa',.e unit. iVie task i'; followed by a teacher- 
led 'j'''Oup r\■\,^.^^yJ •\ry >jbnut the gcnsra 1 1 /.dti OM? that can be 
derived jn. the cosk. 

6. When the ^ivjuint ojccessfuli v completes all the checkup tests 
for all the ;.k-iils the teacher has pre.scribad for unit mastery, 
be c«n take th*^- unit ^'oo'-U^^^. If tlia test shows incomplete 
mast«iiry, tiifi c'::M:he,- -et^ls thf r>':uclent back to ivorkpages in the 
Skill holdc-^rs., pre'/., ;i) js p^ar tutoring, or tutors him herself. 




When mastery is achieved, the child records this on his pro- 
file and begins the cycle over again by taking the pretest 
for the next unmastered unit on his profile. 

IMS intends to acknowledge different learning styles and stages In 
children, and so offers five different learning styles in the lessons 
appearing on the worksheets. Teachers should Know which of these styles 
best fits the student in order to prescribe the most suitable workpages. 

Lesson Style 1 The child works by manipulating real objects. 

Workpages of this sort use drawings rather 
than words to indicate to the child what 
is needed. Most of these lessons appear in 
Level I. 



Leisson Style 2 



Lesson Style 3 



Lesson Style 4 



Lesson Style 5 



The child works with perceptual materials. 
Drawings of objects, charts, or various 
shapes and forms are presented on workpages 
as representations of numbers. 

The child works abstractly. The workpages 
in this category present numbers and symbols. 

The child participates in activities— on 
his own, with a partner, or in a small group— 
which require hi.T to use a mathematical skill 
to play a game or carry out a project. 

The child participates in teacher-directed 
group projects, games, and discussions, which 
require him to use the skill and then to think 
and generalize about it in words. 



Descriptions of IMS maintain that the curriculum provides opportunity 
for "open-ended" or "probletn-solving" activities, but the behavioral 
objectives In the continuum do not stipulate such kinds of learning. 
Activities described as open-ended are not presented as challenges to the 
child's own inventiveness but as tasks leading to a given behavioral 
objective although they do offer some options as to the manner in which 
the objective will be reached; for instance, the numbers which will be 
used. The program does not encourage students or the teacher to devise 
problems from the local environment or student interests which could 
be solved by the use of math. 

Although the IMS developers strongly stressed the need fcr the 
teacher to use his or her own instructional Ideas and knowledge about 
Individual students to enrich and supplement the system, the Ginn 



1 on 



BEST COPY AVAILABLE 



published version gives no special encouragement to nonsysteni activities. 
If a student comes up short on a postlest; for instance, the only means 
of help suggested are a rer.urn to the workpages, peer or teacher tutoring. 
Even though the IMS devolopei\; believed that too ngid interpretation of 
the program would cause student boredoi.i and that teachers should not 
assume the materials would do the teaching for them, the publisher's pro- 
motional materials convey the impression that the system is considered 
all-providing, and teochers' own ideas or judgments should be brought 
into play only as a last resort." 

The exception to this impression appears in Level I, in which the 
manner of instruction is turned around: group projects and teacher-led 
"seminars" emphasizing work with manipulative materials come first, and 
individual student work in booklets follows. These seminar lessons are 
outlined in the Systemu 'hmgemnv Guide. By the end of Level I students 
are expected to be ready for transition to the pretest-prescription- 
workpages-posttest cycle of instruction. 

Worksheets provide a consistent set of pictorial rather than verbal 
instructions. Thus it is believed that students with reading problems 
will not be penalized in their leai*ning of mathematics. 

3.2 Typical Lesson 

Math period begins for a class of 30 8-, 9-, and 10-year-olds, 
Eacti child gets his or her math folder and begins to work. 

Four children are all working in Numeration, Level IV, each with 
a prescription assigning different workpages within this unit. Never- 
theless, as all have been v/orking several days in the unit, this is a 
good time for the teacher to pull them together for a "unit seminar"-- 
a team game explained in the Systems Management Guide. The students 
take turns drawing number cards (numbered from 0 to 250) from 5 packs 
of 3 cards each. They plana the cards from each pack in order and 
record the order for each pack. After they finish this task the teacher 
conducts a discussion with the children around questions suggested in 
the Guide: "How did you decide if the numbers were in order? Which 
digit should you look at first?" Etc. 

Meanwhile, rv/o students who are ready for posttests, one for 
Fractions IV and ine other for Money V, go to the materials cart to get 
the tests anc* take them. Fcjr other .students who yesterday scored 
mastery on various postti^t;^ it^e taking pretests for the next units on 
their profiles. 

Six students are working on laminated worksheets they started 
several days ago. They are all working singly, each in a different 
Skill Folder. Two girls ara scoring their posttests, one in Numeration 
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V and the other in Division IV. The latter discovers she has not passed 
and goes to the teacher for a prescription calling for a repeat of some 
workpages and then a session with the teacher. The other girl passes her 

Numeration V posttn-it: and be^jins tlie IMS cycle agdin with the next unit 
on her profile, Multiplicdtior V. 

Seven other students received new prescriptions today in units ranging 
from Levels II to VIl. They all work independently. For instance, Jim is 
doing a "skill 2" worksheet in Measurement III, which calls for him to use 
a ruler to measure distances between points on a "pirate treasure map" and 
then convert the total distance from "start" to "treasure" into miles, 
according to the scale given on the me?. Jim's best friend, Peter, is 
taking a checkup test on "skill 2 in Money V. The worksheet shows pictures 
of items with pricetags on them, and adjacent picturei*. of coins, and asks 
how many coins are needed to purchase the items. Two more students have 
prescriptions to work together on a game matching multiplication factor 
cards (for instance, the card 68 x 34 is matched with the card 34 x 68). 
This is an activity page for "skill 2" in the Multiplication III unit. 

After conducting the Numeration seminar the teacher tutors iwo children 
in Multiplication IV. 

3.3 Evaluation of Student s 

The entire IMS system depends on testing, which is called for at 
each small step along the continuum. All test items are derived from the 
behavioral objectives in the IMS continuum. In addition to the placement 
test, pretests and posttests, there are two or three checkup tests within 
each Skill Folder. They are supposed to indicate whiither a child is under- 
standing the workpages in a unit as he goes along. If he falls short on 
the checkup he can go back immediately and redo the workpages. If the 
student passes the checkup tests for all the skills in a unit, he can go 
on Lo the posttest. Mdstery scores are indicated on each test; /5/6/ 
indicates that the test nas six items and the student must have five 
correct in order to pass. 

3.4 Qut-of -Class Preparat ion 

Te acher . What the teacher has to do before class fails into the 
areas""of orgam icition and in:>i:ruct1on. In terms of organ -zati on, the 
teacher must do v/hat is nocf^s^ary for each child to have his work rlearly 
laid out. That niaan.s scoring any pages or tests that children can't score 
themselves, writing all necessary prescriptions, arranging needed materials. 
Instructional tifks inciud:* planning for group seminars for students 
working in the same unit at the; same time, and for tutoring. 

Teachers involved in fiiid te^Uing said that IMS takes an enormous 
amount of work at first, when students are starting to learn the system. 
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This preparation time eases up as the year progresses and older students 
assume responsibility for much of the mechanics of the system. However, 
for younger children, more work is needed. 

S tudent . There is no student homework in IMS. 
3 . 5 Role of Other Classroom Personnel 

Although Ginn makes no mention of aides in its promotional materials. 
IMS developers strongly recommended aides without requiring them. These 
developers suggested seven ways in which an aide could help: 

1. Assisting in the administration of tests; 

2. assisting in the scoring of tests; 

3. assisting in the recording of test results; 

4. helping to train students in the procedures of the system; 

5. keeping weekly placement charts; 

6. keeping track of supplies; 

7. ordering materials. 

Help may be essential when the program is starting. After the program is 
underway, older children assume routine responsibilities. If younger 
children are not able to do their own scoring and recording, help may be 
necessary to keep the teacher from getting too bogged down in the mechanics 
of the system. 



4. IMPLEMENTATION: REQUIREMENTS AND COSTS 



4- T School Facilities and Arranjienients. 

■ Since IMS is ^'ndividjdi ized, it is particularly suited for nonaraded 
classroon-s. It eccommodiates a wide spread of ages and ability levels 
within a single classroon.. It can be used equally well in self-contained 
classrooms or open-pod schools. It is not suited for teachers practicing 
"oppn education." which calls for each teacher to create naturalistic 
curriculum materials from children's own experiences and interests. 

School scheduling will depend on how much IMS material Is available 
in the school. Materials are sold in "Level Boxes" (all the tests and 
Skill Folders for all the topics in a single level). A school with 100 
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students In grade 3, whose students are performing at national norms, 
needs three boxes of Level II materials for the third graders, four boxes 
of Level III, three boxes of Level IV, and two of Level V. This supply 
can be stored on a mobile cart available from the publisher. If this set 
is shared among several classiooms, each class schedules math at a different 
hour. 

4.2 Student Prerequisites 

There are no special student prerequisites for IMS. A student begins 
the program at the unit indicated by the placement test. 

4.3 Teacher Prerequisites 

IMS teachers do not need mathematics background. However, they 
must receive training in the use of the program. The publisher provides 
attendance at a training workshop for two or three teachers in a school 
adopting IMS. These teachers arr^ to teach the rest of the staff in their 
school. Each receives a training kit sufficient to train ten other 
teachers in the school. 

Training and instructions focus on management of the system's 
mechanics. No emphasis is placed on teacher presentation of lessons 
except for beginners, and in the group seminars which terminate each unit. 
The workpages are assu-ned to handle all instructional tasks except for 
instances of a student not passing a checkup or posttest. 

4 . 4 Background and Training of Other Classroom Personnel 

While the publisher makes no recommendation for aides, presumably If 
they are used, they should be trained along with teachers using the system. 
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4.6 Demonstration Sites 

The following Is a partial list of IMS users. 

California: Lee Mathson School 

San Jose, Ca. 

Indiana: Riverside Elementary School 

Jeffersonville, Ind. 

Massachusetts: Andover Public Schools 

Massachusetts 

Minnesota: Roosevelt Elementary School 

South St. Paul , Minn. 

North Carolina: Winston-Sal em/Forsyth County Schools 

Winston-Salem, N.C. 

Texas: Marl in Independent School District 

Marl in, Tex. 

Juvenile Achievement Center School 
Waco, Tex. 



5. PROGRAI^ DEVELOPMENT AND EVALUATION 



5.1 Program Development 

IMS is an outgrowth of an earlier systems approach to mathematics 
curriculum, Individually Pi-eaaribed Instruation (IPI), developed by the 
Learning Research and Development Center, University of Pittsburgh. In 
1968 the elementary and secondary school division of the Regional Educa- 
tional Laboratory for the Carol inas and Virginia in Durham, North 
Carolina, began the project of making IPI manageable in a classroom 
setting. The Laboratory is now the National Laboratory for Higher 
Education and the completion of IMS was undertaken by a separate divi- 
sion, the Center for Individualized Instructional Systems. 

Some of the original staff of IMS had enthusiastically worked with 
IPI, but they wanted to change it in several ways: (a) from sole reli- 
ance on paper-and-pencil exerices to provision of several lesson styles; 
(b) to reduce the program's dependency on student reading ability; (c) 
to give teachers a broader range of teaching activities for each behav- 
ioral objective; and (d) to Improve classroom efficiency and cost effec- 
tiveness of the system. As these aspects of IPI were considered for 
change, the new format of IMS began to emerge. The program which starte 
as an installation of IPI became a major developmental effort as it 
attempted to correct problems teachers experienced with IPI. 
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IMS was a cooperative venture with school administrators and teachers 
from the beginning. In order to keep the program responsive to schools 
needs, and co continue financing for evaluation and dissemination after 
tho Office of tducdtiun 'jrant fur development expired, the Consortium 
tor Individualized Instructional Systems was established in ine 
Consortium included 34 schools in the Carolines and Virgina, plus the 
state departments of education in these states. 

Uesides evaluating IMS the Consortium undertook to develop IMS-II, 
an extension of the exiting IMS into grades 7-9. The basic philosophy 
for IMS-II is the same; the format differs in that skills are clustered 
into learning booklets, and lessons need not be taught in any one pre- 
scribed sequence. The complete junior high program is to be ready by 
fall of 1975. 

5 . 2 Dev eloper's Evalu ation 

Preliminary testing was carried out during the 1968-69 school year 
with 2,400 pupils in four schools. Eight schools and about 1.000 second- 
and third-grade pupils began using IMS on an experimental basis during 
the second half of tha 1909-70 school year. 

During the 1970-71 school year, more than 5.000 pupils in 23 schools 
in the Consortium field tested IMS at all grade levels. The IMS Forma- 
tive Evaluation Plan was drawn up in August of 1970 to determine whether 
IMS had achieved the following goals: 

1 Curriculum adequacy. The provision of a comprehensive set 
of mathematics objectives suitable for a wide spectrum of 
pupil aptitudes. 

2. Materials effectiveness. The provision of attractive and 
effective learning materials and teaching aids which 
incorporate various alternative means of achieving 
curriculum goals. 

3 Cost-effectiveness. Achievement of low cost per pupil 
compared with other available mathematics systems with 
similar structure. 



pecific areas to b^- considered in this respect are: 

a. Actual production costs and adequacy of 
reusable materials. 

b. The extent to which rtudcnts can and do 
assume- responsibility for operation of the 
system (thui reducing or eliminating the 
need for paranrofessional personnel in the 

clci'jsroom; . 
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c. The cost and effectiveness of teacher 
training required to implement the system. 

4. Learning effectiveness. Pupil achievoinent and progress 
v/ithin the system coiiiparable with or superior to that 
obtainable under conventional teaching conditions. 

Information about different aspects of the system was obtair.ad from 
questionnaires and surveys concerning teachers' opinions, from r^'ports 
by "experts" in the field of mathetnatics and from training records 
gathered at IMS teacher workshops. In addition, student test scores 
from four schools were collected on the Metropolitan Achievement Test 
(MAT) in grades 1 and 2 and the Iowa Test of Basic Skills (ITBS)- 
Mathematics in grades 3 through 6. Tocchers were polled often about 
materials they felt ought to be revised or which received unsatisfac- 
tory student responses or reactions. Only Levels I through VI were 
available for student use ^t the time of this evaluation. 

5.3 Evaluation Results 

The major concarn of the evaluation was to obtain revision data to 
improve the system. The evaluation was not chiefly concerned with com- 
paring what is learned in IMS with what might ba learned in a conventional 
curriculum. However, grade level scores on the standardized tests showed 
that IMS students who had been six months or more below grade level at 
the beginning of the year gained approximately one year. Average and 
brighter students did not achieve a year's growth. This outcome was 
attributed to the fact that brighter students spent most of their time 
mastering below-grade-level topics formerly learned too superficially to 
achieve mastery on the IMS tests. 1 

In 1971-72 a follow-up test of students who had worked exclusively 
in IMS for two years was carried out by the developers. A group of 453 
fourth-, fifth-, and sixth-graders in three Title I schools in the 
Carol inas and Virginia were tested on the Iowa Test of Basic Skills, anu 
their scores were compared with the average scores of children in/h* 
southeast region. The study concluded that over the two-year period IMS 
pupils "made conceptual gains qvUe consistent with (or slightly above) 
children in the region. "2 

Changes in the design ot the junior high prog;-am (IMS-II) may 
possibly indicate the Jeveluoyrs" own judgment that the structure of 
IMS-I is too rigid, although this is nowhere stated. The junior high 
program now being developed presents groups of skills together in 
"learning situations" instead of teaching one skill at a time as in 
IMS-I. Developers say the expanded lessons make it possible to empha- 
size relationships among math topics. Grouping topics together means 
that strictly prescribed sequencing is not possible, and students are 
not required to prove mastery in one topic before undertaking another. 
Students are largely free to develop thei-^ own sequences of study. 
These seem significant departures from thf; strict progranmlng theory 
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of IMS-I. Developers atty'ibute these departures to the fact that they 
ctre now designing for older students. Many observers would argue that 
neeing relationships among math topics and forming their own sequence 
tor learning ikillv is just as appropriate for elementary as for junior 
high students. 

5 . 4 In dependent A nalyses of the Program 
Nona were obtained. 

5 . 5 Project Fundin g 

From 1968-71 funding was provided from the Office of Education grant 
to the Laboratory for the Carolines and Virginia. In 1971 support was 
provided by school districts and state education departments in those 

stdtai; which were using IMS. 

5.6 P roject Staff 

IMS was developed by the Center for Individualized Instructional 
Systems, 3, division of the National Laboratory for Higher Education. 
Dr. Frank C. Emmerling, who died in May, 1970, was the prime developer 
of IMS. J.W. Knight directed work to complete the project. Members of 
the staff were Edward Bruchak, T. Jeffrey Cartier, Jerrle P. Charlesworth, 
Evelyne Graham, William U. Harris, Kenneth B. Hoyle, Ellen M. Ironside, 
Daniel C. Morton, Jack E. Nance, and Audrey N. Walker. Fred E. Holdredge 
v^as Che director of evaluation and development, assisted by Robert B. 
Frary and Victoria Fuller. 
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For fifteen minutes to halv an hour each week, students and 
.-tdchers view televised ■^K.t'ern:^ in A^'LtivncHc- programs. The .essons 
serve two functions: they introdnre new topics to pupiH; at tne same 
time they teach the topic and model teaching methods to the . . ^ 

Thrtelevi^.ed instruction is thus desivin^d for both teachers and students. 
TV programs do not replace the classroom teacher, who retains responsi- 
bility for daily instruction. On those days when students end teachers 
watch tht) televised lessons, the teacher first prepares the students 
^or the broadcast, watches it with the students and then discusses what 
thev have seen. For the remaindtr of the period, and for the entiie 
mathematics period wnen programs are not seen, students work with 
manipulatives and in PI A student f/ercis.e boo<s. The teacher s manual 
contains lesson plans coorclinatod with the TV prcgrams. 

PIA wa*; developed betv/een 1959 and 1969 when most teachers had 
little background in new math but were required to introduce it into 
th«ir classrooms. Developers Ihouqht TV v/ould make it Possible tor 
large numbers of teachers and students Lo learn modern f ^hematics 
together quickly and easily. Developers soon realized that P?A was riot 
a program that would cao.ure an auaience over a long time Pe^'O^- I'^^ 
districts tnat did adopt the program use-' it to introduce new math 
to tneir students and teachers; after using it for a year or two most 
districts switched to other nicUhematics curricula. Tn cne i972 
Wisconsin RS.L) Center Ba-^w y-oq^-c^- hi^r developers note; 

Aft-r teachers have used it (PIA) for one to three 
years end have uiasterod the "modern" mathematics con- 
cepts, tnf^y tend lu discontinue using the program. 
Professor Henry Van Enqen, the principdl investigator 
cjnd primary PIA developer' hypothesized that this 
pa'tprn of u->o would occur. PIA is a mass educational 
approach a.,d is incompat^^^iu with the in'^^^'Jctional 
proqramif.inn inod.?! iur the individual student. Schools 
do no^ have I 'le e'luipiiient or money to purchase the 
video tapes i'or -nore flexible individualized use.' 

Bv 197-; develooers at \i\'^r.m<,\n R^isearch and Development Center 
wer'^ conr'nirat.na on a new program. Developing Mathematical Processes (DMP). 

mat em tics curricuMn for schools using Individually Qj;;^^ /-ducaU^^ 
{\k\ A rboori cn OMP is included in this book. Distribution of PIA 
i s urned o^er'to th. National Instructional Television Center A 
field repre.^-Rr,t.u,ive ■>:• M^T says that the program has never achieved 
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widespread use. During the 1973-74 school year, the program was pur- 
chased by only seven school districts or state departments of education. 
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BASIC INFORMATION 



: v.- J uvi : Patterns in Arithmetic (HIA) 

. L-t:;-.: PIA .:oirii'ts of 333 15-minjte tijicvision progronis which intro- 
duce the main Lopics of a 1-G curriculum in modern math. 

■jn'.:i:..>- Tolev'i^;iuri master teachers provide a model for teachers 
while intr vduc ifi'j ii^!V/ t'J!)ics to children. Teachers design weekly 
instr-uction around one or two 15-minutc TV lessons. 

Arithmetic in a modern math context. Fundamental strands 
include: sets, nuinbcr, numeration system, operations, inathemafical 

stntt.ncys, iiieasureineiit, and fj3om«try. 

:;ui:j^icte.i iwi- : Coiiipio::e curriculurn and inservice program for grades 
'oiic throuyn six. 

i\-fj::i ciwci ;■.:-/-.'.-■. Stijdont'3 cf all abilities in grades one through six; 
f'leiiiOMtaty leuchera, one thruu^h ';ix. 

i.cuUh cy itjo.-; four to r ive hours per weeK. The TV lessons occur only 
twice' a week, ior about 15 uiinutes eacfi time. These are lessons 
whicli introduce ruiv; concepts and are followed by daily instructior. 
directed by trie cldssroc;;. teachor. Districts tend to use PIA for- 
a year or two to introiiuce "new math" atid then switch to another 
Ilia t heiiia tics c u rr i cu 1 jui . 

j'oi' hcach^i-:;: Teachtir's manual for each grade level. 

."r:r puhllcation: Fall 1969 by television broadcast, fall 1971 by 
• v'idHOtdpc retils. 

uirec'U:)'/DHL}t:lopi:.r': Professor Henry Van Engen, University of Wisconsin, 
Wisconsin Research and Developmeiit Center for Cognitive Learning, 
1404 Keyant St., i'ladisor.. Wis. 537UC. (603) 262-4901.. Developed 
in cooperacioii v;ilh Tne Wisconsin School of the Air, WHA-TV. 

jist-'-'lhu:.:.'^-: National ^us^,ruct ional Television Center (NIT), Box A, 
Bloumirigtcn, Ind. 47401. NIT regional offices: Arlington, Va.j 
Wauwatusa, Wis.; San !1«teo, Ca.; and Atlanta, Ga. Programs may 
also be aviiilablt through local educational television stations. 
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1, GOALS AND RATIONALE 



1,1 Goals 

The developers of Patterns in Arithmetic set out to construct a 
complete curriculum in elementary mathematics that would present the 
modern ideas of the "revolution" in mathematics since World War II. 

In spirit and in body, the mathematics courses 
(following World War II) were not those needed for 
the further industrial and scientific growth of the 
nation. The spirit of the old elementary mathematics 
was too heavily loaded with computational devices 
with too little emphasis on the fundamental ideas 
of mathematics. 2 

The developers also sought to apply the findings of research about 
how children learn math; for instance, the finding that spiral organiza- 
tion of subject matter through several years is more conducive to 
learning than long-term concentration on a single skill at a time; and 
the finding that a variety of applications of an idea or a skill- 
including physical manipulations—in which mastery is not immediately 
required, is more effective than drill. 

Thirdly, the developers sought to provide major* immediate imple- 
mentation of the new curriculum by insuring that districts would train 
teachers in new math concepts and methods. Television could simulta- 
neously teach the students and provide inservice training for their 
teachers. The developers believed it could re-educate the huae staffs 
of big-city school districts and the scattered staffs of small or rural 
districts, "communicating the newer ideas in mathematics. . .and demon- 
strating a change in the spirit of teaching the subject." This change 
in spirit was defined letting children find out that mathematics 
can be enjoyed. 

PIA is expected to produce both cognitive and affective results 
In students; that is, to improve their learning In math and their 
feetinge about learning. Kirst of all, the developers intended that 
children experience arithmetic as "new ideas": sets, natural numbers, 
functions, integers, decimals as a numeration system. Students should 
learn to compute— addition, subtraction, multiplication, division— in 
association with these math concepts rather than as rote calculation; 
and they will learn to apply computational skills in verbal situations, 
and to translate verbal problems into mathematical sentences. Children 
should encounter geometry in early years as experience with shape and 
synmttry; learn to measure length, area, and volume; and get an intro- 
duction to number theory and probability. 
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The developers placed importance on the affective responses of 
students to the curriculum. They believe that television is "intensely" 

intci^osting arid stiiniJatintj to children and thus that televised instruc- 
tion will in itself heighten children's initial interest in math. They 
expect the discovery and conceptual approach will make math enjoyable 
-0 children, "Children will enjoy this arithmetic because it is an 
arithmetic of ideas. Yoii v/ill enjoy teaching it for the same reason."^ 

1 . 2 Rationale 

Thfi developers of PIA believed that the old methods of teaching 
arithmetic were too drill-oriented and children v/ere not being given 
enough opportunity to learn mathematical concepts. Developers directed 
their thinking toward determining what children should learn about 
mathematics and how to stimulate them to learn concepts faster and 
retain them longer. 

Certain learning principles generated by basic research at the 
Wisconsin Research and Development Canter were crucial in construction 
of the program. It was determined that a spiral organization of content 
was more conducive to learning arithmetic than a nonsplraled one. Thus, 
PIA does not spend more than two consecutive weeks on any one idea or 
skill. Instructioti in the skills of addition, subtraction, multiplica- 
tion, and particularly division is reintroduced throughout as many as 
three or four ye«rs. This method is counter to the actual practice of 
many classroom teachers who like to teach all of the skills of addition 
of two- and three-digit numbers before considering other skills. 

Research is continuously being carried out on questions such as 
the effectiveness nf sequential learning. Results have indicated, for 
example, that the idea of one-to-one correspondence (i.^atching) is more 
fundamental than the idea of counting for young children. The program 
lessons reflect this finding in the introduction of one-to-one corre- 
spondence in the first lesson in first grade, before counting is pre- 
sented. Thus, during the early stages of the program, PIA uses those 
problems which have been found the easiest. The harder problems are 
presented only when the children have mastered the basic concept. 



2. COMTENT AND MATERIALS 



2 . 1 Content F_oais_ 

Patterns in Arithmetic presents both arithmetic and geometry in 
all six elementary grades. Nine key concepts thread throughout the six- 
year course. They are presented in lessors which use television and 
classroom demonstrations, classroom discussions of examples of the con- 
cept from the students' daily -'S, and workbook exercises of both non- 
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verbal and verbal problems. The key concepts and the topics which com- 
prise them are as follows; 

1. Sets. Sets, one-to-one correspondence, transitivity, 
numerousness, conservation. The set idea is used in 
teaching addition, subtraction, fractions, and geo- 
metric figures. 

2. Number systems. The natural numbers, the positive 
rational numbers, zero. 

3. Numeration systems. The decimal system. (Other systems 
are Introduced as enrichment for gifted pupils.) 

4. Operations. Addition, subtraction, multiplication, 
division, and the concepts associated with computing. 

5. The mathematical sentence. Mathematics is a language 
with unique ways to express its ideas. Emphasis on 
formulating sentences clearly and on translating verbal 
problems into mathematical sentences. 

6. Measurement. Basic ideas of linear measurement, area, 
and volume. This is taught "as a key link between our 
physical and our social environments." 

7. Geometry. Early intuitive exploration of similarity, 
congruence; later these are approached from trans- 
formations in the plane. 

8. Number theory. Prime and composite numbers, prime 
factorization. 

9. Probability. Elementary ideas. 

2.2 Content and Organization of the Subdivisions 

PIA's nine basic concepts are arranged in a spiral sequence. Pupils 
encounter the same ideas' and practii.e the same skills many times 1n 
increasingly complex setting.?. A brief summary of the content of each 
grade level shows how several concepts are taught at each grade level. 

Grade 1: Natural order of numbers is taught through 99; 
addition through 10; monetary system; linear 
measurement; geometrical concepts of curve, 
triangle; mathematical sentences are introduced. 
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Grade 2: Order of ituiiibers is extonded through 999; addition 
and subtraction through 999 :>pecial properties 

of ;^oi o; i.iult-ipl ication using facts to 18; guo- 
inetriccil concept'; av-i extended; linear measurement 
onipndsiifin<j th<; inch and foot; perimeters of poly- 
gons; matlidii:aticul sentences extended to problem 
solviriy witn lar-q.-'f numbevs. 

Grade 3: Order uf nu;iiber;> extended to 9999; base (i and base 
3 number .•;yi,t':!!r3 intru'iluc-d ; addition and subtrac- 
tion cxC'.MvJf tci deriving sums of two and thre-.; 
numbers les'i men 1000; concept of factors intro- 
duced; spefi.-il t^^rins of utiilti plication; mathematical 
sentetices used in multiplicatiorj, division, addition, 
and subtract' on pr'ojldiis; geometrical concepts of 
siinil .u-ity am cuii'ijr-uence for polygons, angles, and 
circle's; idej cf function introduced. 

Crade 4: Ordfiir or nuiiibf-rs f'-.tended tliruuyh millions; division 
v/Uii rei.iaindfv^'.; t^'dction expldined using model; 
linear and liquid iiie:;sures extended; geometrical 

perpendicular lines. 



concept^: uf paral Ie1 and 



Grade 5; 



Grade 6: 



Ord«r of nuoiuhfi s extended to decimals and fractions; 
long dlvisio!., including techniques for shortening; 
rationalr, in percentages; fractions greater than 1; 
addit-ion 3p;j si^Nf;ractio.'i of fractions with unequal 
denominators . 

H1:u:u value extended through ten-thou-andths for 
decimals; base 2. number system presented in relation 
to CwmiVijclts; r C'Midindor in division related to 
fractions, ciridition and subtraction of fractions and 
decimals extc idt^d; multiplication and division of 
fractions wCid -jf^cimj ls thoroughly developed; negative 
whole numbers rcvi(:WHd; solutions of equalities and 
inequa'.i t l^^s ;,iri)phoci:. area formu^'as for triangles 
and par a I It'lotii diiir. |,rfis jiitrtd ; measurement of volumes 
and anoles i-jt'^oduLf!:!; probability introduced; bar, 
line, iPd circl? qr^i^ns interpreted. 



The titles ot the. 
year also demonstrate 
of diff icul ty. 



30 



lessons which comprise the entire first 

use of a Veil u^cy of concepts at the same level 



1. 
2. 
3. 
4. 
5. 



Ot»e-to-0nc Uoncspondonue 
Transitivitv of "A'; Many A-." 
The Mumbet s f 'Oin Oni? to four 
Orderirhj the Numbers from One to Four 
ConserVijtioii of flu'nerous'iess 
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6. Transitivity of "More Than" and "Fewer Than" 

7. Conservation of Nunierousness 11 

8. Introduction to /Addition 

9. The Numbers from Five to Seven 

10. The Numbers from Eight to Ten 

11. Ordering the Numbers from One to Ten 

12. Addition Combinations 1 

13. Addition Combinations 11 

14. Geometry: Open and Closed Curves 

15. Addition Combinations 111 

16. Geometry: Points and Curves 

17. Addition Combinations IV 

18. Geometry: Betweenness 

19. Sets of Ten 

20. Numeration: Eleven Through Nineteen 

21. Numeration: Twenty Through Ninety-Nine 

22. Numeration: Order of Ten Through Ninety-Nine 

23. Our Monetary System 

24. Introduction to Subtraction 

25. Subtraction Combinations 1 

26. Introduction to Measurement 

27. Subtraction Combinations 11 

28. Standard Units of Measurement: Inch, Foot 

29. Geometry: Names for Common Curves 

30. Ordinal Numbers 

Midyear Check-up Exercises 
End-of-Vear Check-up Exercises 

Unlike other televised instruction programs, Patterns in Arithmetic 
is constructed as a self-contained curriculum. Henry Van Engen, primary 
PIA developer, served as a major consultant to the Scott Foresman 
publishing company. Because of this relationship, one field representa- 
tive says, PIA and the Scott Foresman math textbooks have many similari- 
ties. Although some teachers have combined the two programs, PIA is 
not intended to be used in conjunction with any textbook series. 

2.3 Materials Provided 

Student . A 15-minute lessor, taught by a teacher on television 
introduces each new toi>i of instruction. There are 30 TV lessons for 
first graders, 48 for *->econd gr:.ders, 64 for third graders, 63 for 
fourth graders, and 64 e<=>ch for fifth ^nd ♦.ixth graders: 333 in total 
over the six-year curriculum. The older children see televised lessons 
twice a week; the younger ones only once a week. Since the curriculum 
is intended to be taught every day in periods of about 45 minutes, the 
televised lesson serves as an Introduction rather than as the lesson 
itself, which remains the c-isponsibility of the classroom teacher. A 
television monitor is needed for every group of 30 or fewer students 
using PIA (see Implementation section). If the televised lessons are 
shown on classroom videotape players rather than by broadcast, the 
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player can be mounted on a oortable cart to serve several classrooms at 
different times during the day. 

hach student has riis o'm pupil exercise book. The book provides 
activitie^i which extend the coiicepts introduced in the TV lessons, plus 
exercises for practicing computation. 

Pre view mater ials. Preview materials consist of one or more repre- 
.'^entaFive lessons from' the scries, one copv of the Teacher's Manual, 
and other related print inatieriais. These mater-^als are available upon 
request, free of charge, from trie distribi^tor , NIT. A handling charge 
of 35.00 per lesson is made wheMi materials other than the standard pre- 
view package are requested. 

Teacheir. There is a jepardte Tec\cher's Manual for each grade level. 
For eacli lesson the manual df-'votes two or three pages to a list of lesson 
objectives, b.'ief ma thematii^al background on the concept (for the teacher), 
directions for preoorincj children for the telecast, a description of the 
materials to be u'ied by students durinq the telecast* a description of 
the television program, instructions for classroom discussion or activi- 
ties immediately foTtowinj the telecast, seve'-al suggestions for follow- 
up activities, and instructions for directing pupils' work in exercise 
books. 

2 . 4 M aterial s Not Pi'o vided 

Student activities rriquirc^ the use of some materials usually pro- 
vided in an ordinary c!assrooi,i (flash cards) and others that teachers 
may have to provide (buttons, beads). Some materials considered 
essential for each c;red(i leve^ are not provided. For instance, for 
Grade 1 these materials inrlude the following; flannel board or mag- 
netic board; cut-outs or lua'jnets of ^^mall animals; geometric shapes; 
numerals, arid sets ot ten; -ladition flash cards (to 10); subtraction 
flash cards (to minuend 10)-, play money; several sets of number cards 
and sets; symbols; nui'iber line: objects which can be readily bundled 
into sets of 10 or 100; place v-^lue chart; foot rulers; plastic or wood 
geometric shapes; v^'ire or plastic plane figures; and a counting chart. 



r,. CLASSROOM ACTION 



3 • 1 Teachin g-Loarniiit) tj^tey/ 

PIA was desior.fid to niaxMiiize participation by and interaction 
between teachers and it'"ii;ri.s even though it relies on televised instruc- 
tion to introduce ne-j Mcit-ir.natic^J •tjpics. Responsibility for teaching 
rests v/ith the claLsroci'i too'.clier, fo! lowinij the example set by the 
master teacher or tele'/n^on ond rjio directions given in the Teacher's 
'vinu^l. Tho .'lan'j:!! n ■ i;. ■ • 'he ■..••■e "u:l r-oio of the classroom teacher; 
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Remember that the telecasts are not intended to 
replace the classroom teacher. They are intended 
to help introduce anJ demonstrate new mathematical 
ideas. You, the teacher, are still the most 
important element in. . .a sound and meaningful 
mathematics program.* 

The teaching-learning strategy is described a^. "discovery." This 
description should be interpreted to mean that the student's experience 
with demonstrations, discussions, and work with manipulative materials 
should give him real-world understanding of the abstract concepts which 
are presented. 

Practice to reinforce basic skills should come only 
after puoils nave an understanding of the processes 
underlying the computational techniques. By using 
concrete materials, such as small everyday objects, 
and semi -abstract methods of computation, such as 
tally charts, students can actually see and feel 
what is happening. 

Students do not generate or verbalize concepts by themselves. These 
dre presented by the television instructor or the classroom teacher. 

The classroom teacher's demonstrations and discussions with pupils 
as the core of the insr.ruction are an indication that the curriculum is 
Intended for whole-clas,s teaching rather than for Individualized instruc- 
tion. Developers themselves state: "PIA is a mass educational approach 
and is incompatible with the Instructional programming model for the 
individual student." Attempts to adapt the program for individualiza- 
tion involve videotape players and school purchase or rental of video- 
tapes rather than educational station broadcasts. 

3 . 2 Typical Less on 

Before the television lesson which introduces a topic, the class- 
room teacher sees that all materials needed during the telecast are on 
the students* desks. The teacher pives the students a brief overview 
of what the lesson will cover and points out specific things students 
should watch for. Suggestions for pre-telecast activities and each 
lesson's objectiver. are presented 1n the Teacher's Manual. These 
objectives are listed under "what the student can do," and they define 
the skills and concepts which the student should get from the Jesson. 
To illustrate. In the first-grade lesson. Number 11, entitled Ordering 
the Numbers from 1 to 10," the following student objectives are listed: 

1. The student can order sets of onu through ten objects. 

2. The student can order the numbers 1 through 10. 

♦Unless otherwise indicated, all quotations are drawn from program 
materials issued by the developer. 
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3. The student Can idtntify the position of the numbers 
2 throu(]h 9 . '.^ .. . two other numbers; lor example, 

6 lies .■ .;■ c . G dh'i : , 3 dtid 9, «lc. 

Lesson Muiiibcr 14, ^uuinolry; OpLMi and Closed Curves," lists these 
objectives for the first 'aradt; pupil: 

1. The studeiU can identify d '^iinple closed f.:urve by 
tracing ic from a sLart.inu point back to that point. 

Z. The student can identify a sin;plo open curve by showing 
that it cannot bi^ traced froni a starting point back to 
that point without backtracking. 

During the telecast, the teacher shown in the TV lesson will often 
dsk the students to respond co quesMons, to count, to notice things in 
their classroom, etc. The cla-ssroom te?.cner is supposed to encourage 
the students to respond. 

After the telecast, the clar^sroom teacher initiates a discussion 
of questions that may hav(! arisen. The inanual suggests discussions 
and demonstrations for the teacher to conduct to emphasize the main 
ideas presented on ttlevision. Follow-up activities in the manual and 
exercise pages from tlie pupil v;orkbook provide activities for the class- 
room teacher to assign in order- to complete the students' mastery of 
the topic. 

To illustrate stud'^int and tf?acher activities, Lesson 3 from the 
first grade unit, " 'r. Numbers from On<i to Four," is detailed: 

Before this les.ion, the students will be able to count to 4 and 
to write the Arabic .^u.uerals from 1 through 4. Ihey may practice this 
skill by tracing nuiiu-.rah on worksheets, copying calendars, writing 
their room r.urnbers, etc. During the telecast, the TV teacher demon- 
strates the idea^ of the Arabic symbol (1), the number word (one), and 
the Roman numeial (!) b/ jsiiic s puppet and pieces of candy. She asks 
the children to write the Arabic, symbol with their fingers and say the 
number name along //itl; her. :oc Uien i'-eviews the number names wh'ch 
have been pre^f^rheci. Si.e sn'jw.. L'le children number cards and asks 
them how many piecos of comely each ci-^x! represents. As a final review 
she plays a game with ? puppet vr.ic.h picks out the correct number card 
for the objects sh?:^ shows Iniii. 

After the teiecast tho -*.tudents cut out nume»"als and number words 
from their Exercise Book and m-J tnet;. on heavy paper., thus making 
their own number card-;. Tn--;- c ic;s:rou!ii t'^ocher then repeats the game 
that the TV teacher played .•■un the pupp-n. She holds up objects and 
the students respond with ei'Jier the nunierdl or the number name, depending 
on v/hat she -^vsks for. Pom^vM nuinevf?l<- ar.5 not stressed for slower 
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students. There are three more exercise sheets in this lesson and five 
follow-up exercises, which the teacher can use in following days to 
reinforce the lesson. The follow-up exercise? which are categorized 
as "highly recommended" are intended to help all students meet the 
basic objective of the lesson. The two activities designated as 
"optional" may be used as time allows. The following are "highly recom- 
mended" follow-up activities for this lesson: 

Each student should make a chart which includes a set of 
objects, the Arabic numeral, number word, and Roman numeral 
for each number 1-4. This chart may be continued after other 
numbers are taught. The set of objects should be drawn or 
made of pictures cut from magazines. 

Write a numeral or number word on the board and ask your 
students to form the set from their collection of objects. 

Those follow-up activities which are "optional" for this lesson: 

Use felt letters and numerals to designate number words 
and numerals for sets placed on the flannel board. Place 
a set of objects on the flannel board and call on a student 
to select the corresponding number. 

Using different small objects, glue several sets which 
illustrate the same number on a chart. 



3.3 Evaluation of Students 

There are several points during the year at which the teacher can 
test the students to determine their mastery. Evaluation sheets pro- 
vided in the Teacher's Manual can be duplicated for testing purposes. 
However, the developers state that assessment need not always be formal. 
A simple, oral question asked of a child can often yield enough informa- 
tion to de'-ermine whether he understands an idea. 

Four check-up exercises are provided in the Teacher's Manual for 
Grade 1. The mid-year and end-of-year checkups are given by the TV 
teacher during lessons 16 and 30; the first and third check-up may or 
may not be given by the classroom teacher, at her discretion. 

Teachers are instructed to tally the number of incorrect answers 
for each question in order to determine those areas in which the whole 
class needs the most help. Each evaluation question lists the program 
number in which the concept was presented. No special method of reporting 
student performance is required. 

3.4 Qut-of-Class Preparation 

Teacher. To prepare for a telecast lesson, the teacher should read 
the material in the Teacher's Manual. It is preferable for the teacher 
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to read two or tnree lessuns ahead of the current lesson to de aware 
of the sequence of development. The teachr'^r is also responsible for_ 
gathering inanipuldLi ve ,iia(:';r'i?.l^. una seoiiig liiat the. television set is 
in working order before r.he les^on and that all children can see the 
set easily. 

Studerit. The l:eacher may assign students out-of-class work 
dependinj lipon her evaluation of tfieir progpc-sj. The student may also 
have projects from time to time that '^lipplemert nis classroom activities. 



4. IMPLEMENTAriON: PEQUlRti'itN ' S AND COSTS 



4 . 1 School Facilities and Arrangements 

PIA was des.qncd for use in traditional one-teacher classrooms. 
There should be no more than 30 pupiis In the group viewing the TV 
lesson because it is imniediatt^iy followed by instruction led by the 
classroom teacher, not suitabl;? fcr groups of more than 30 pupils. If 
there are several classes at the scme grade level, students can be 
ability-grouped for their .nath lessons, in this way, pre- and post- 
broadcast instruction can be directed to • I each group's level. The 
developers state that a student who hai ered certain concepts at 
his own grade level s.iould be encourage, o work with the next grade 
during the programs on thosR concepts. 

The curriculum v«s designed for transmission over educational tele- 
vision networks or school dTst^icus' closed circuit television stations. 
Either method mav present time sciiedulinij problems for teachers. In 
one district using PIA on closed circuit the first year all teachers 
reported that orugraiit scheduling was erratic and subject to transmission 
failures. If a teacher mi-,sed one or more programs, either because of 
her own schedule or a station pov/er Failure, there was no opportunity 
to have tnem repeated. IP u ieacher inissed too many lessons, she 
finally dropped tiio prQ;.ram. 

The teachers ot up'^er 'jracics commented that their students would 
be gaining more from the ccjrsc If they had part-'cipated in the earlier 
levels. There was also -jo,.. iderable juggling of television schedules 
to permit all six Um'sIs to l;p biuadcabt ^^ach week. Ttiis suggests it 
may be easier to introduce MA one year at a time for both educational 
and technical ''easons. 

Sol u tier, to the pru:iie:is v.r^ated by broadcasting may be found In 
the adaptation of tr"^ PIA cjrr.ci.iun to videotape classroom players. 
A project by the fiorthv/e^ .■: Regional EducaLional Laboratory of Portland, 
Oregon, adapting PIA f use on cl?b:,room videotape classroom players. 
VTR enables each clasr.: ';.., i i;encner lo schedule the televised lessons 
according to th'e oro'.'.r<i-.^. . f the c"!'r-s v.- of •indiv'du?.l students within 
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it. Since this involves purchase of costly tapes and equipment, it is 
probably not a viable solution in most districts. 

Personnel requirements a n d training . PIA requires one teacher for 
each class of 25 to 30 studen . This need not be a math specialist. 
All teachers participating in the program receive inservice training 
by observing the television teacher's lessons and by studying the dis- 
cussion of new math concepts and instructions for classroom activities 
which are provided in the Teacher's Manual. 

Equipment needed . For educational television station or closed 
circuit broadcasts each classroom must be furnished with a 21 -inch 
television set, a Teacher's Manual, one pupil exercise book for each 
student, and a large assortment of manipulative materials. Classrooms 
using the curriculum on videotape reels need a videotape player and a 
television monitor, preferably mounted on a wheeled equipment cart, 
plus the Teacher's Manual, exercise books, and materials. 

4.2 Student Prerequisites 

Since Patterns in Arithmetic is a sequential six-year course, it 
is desirable that students begin the program at first grade. The 
developers state that at each grade level students of average abil ty 
should find all of the material within their grasp. However, results 
of the first (1966-67) evaluative testing across a varied student 
population indicated middle and higher socioeconomic group students 
were more successful in the program than were low-income children. 
Transfer and late-entering students within the broadcasting area are 
expected to have little difficulty in keeping up with materials since 
they are presumed to have studied the curriculum in the previous school. 

4.3 Teacher Prerequisites 

PIA was designed to be taught by teachers who are not math spe- 
cialists and without inservice training. The detailed instructions in 
the Teacher's Manual provide explanations of the mathematics concepts. 
The TV teacher is expected to provide a model for the classroom methods. 
The Teacher's Manual and pupil exercise book are supposed to provide 
ample activities for students. 

The teacher has to assemble many materials for students' classroom 
work. Pecause the television programs are paced for "average students, 
the teacher will need to offer some students remedial work and others 
enHchment' Such assignments can be taken from the optioial activities 
listed for each lesson. 

4.4 Background and Training of Other Cla ssroom Personnel 
No additional personnel are required. 
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4.6 Demonstration Sites 

During 1973-74 PIA was purchased by the fol lowing school districts 
or state departments of education; 

Las Vegas, Nevada; Monroe, Louisiana; Little Rock, Arkansas; 
Salt Lake City, Utah; Wisconsin; South Carolina; and Kentucky. 



5. PROGRAM DEVELOPMENT AND EVALUATION 



5.1 Program Development 

In 1959, the University of Wisconsin received a Ford Foundation 
grant "to establish an imaginative program for the improvement of schools 
in Wisconsin." During 1960, a math program using the concept of Instruc- 
tional television was developed for grade 4. A grant from the National 
Science Foundation in 1961 enabled work to extend the program to grades 
5 and 6. Then, in 1964, the Office of Education established the Research 
and Development Center for Cognitive Learning at the University of 
Wisconsin. One of its tasks was to develop a six-year program in math- 
ematics based on the past experlenc^i and to subject it to extensive 
field testing. In 1965-66 lessons for grades 2 and 4 were developed, 
and grades 1 and 3 were field tested. Field testing of grade 2 was 
carried on In 1967-68. 

A developmental year for the PIA program, grades 1 and 3, went 
through the following series of stages. First each lesson was planned 
according to content, method, and television presentation. From 30 
to 100 teachers in the Madison, Wisconsin, viewing area participated 
in the course through the educational television station. Every 
four to eight weeks the teachers evaluated the program either In writing 
or by meeting with the R&D staff members. When necessary, lessons were 
revised and rewritten according to the teachers' comments. A mid-year 
and end-of-year achievement test was given to all participating students 
and results were reported to the teachers. At the end of the year, the 
lessons were edited and bound as a pupil exercise book. 

5 . 2 Devel oper ' s Eval jia ti on. 

During the 1966-67 school year, 675 first graders and 760 third 
graders in Wisconsin anu Alabama participated in a 3U«t ve evaluation 
of PIA. Three achievement tests, one designed specifically for the PIA 
program by Educational Testing Service, were used to Jjuge computation 
skills and conceptual mastery. These tests included the ETS Coopera- 
tive Primary Test, the California Achievement Test, and the Stanford 
A^hievenent Test. Participating classes were divided into two groups 
. fo Tnimize testing. Both groups took the PIA-des gned f sts bu he 
standu-^ test on computation was given to one group and the concepts 
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test was given to the other group. Classes from large communities were 
classified into high, middle, or low socioeconomic categories. Teachers 
were surveyed to determine their attitudes about how much they had 
learned, how they liked the cuiriculum, how they thought children re- 
sponded, how suitable the curriculum is for high> average, and low per- 
forming students, etc. 

In 1970-71 nearly 400 teachers in New York, Illinois, Oregon, 
Vermont, and Virginia participate^ in a study designed to test the 
ways in which PiA affects teachers. Tests and questionnaires were 
devised to measure changes in mathematical knowledge, knowledge of 
PIA-specific content, and attitudes toward teaching arithmetic. 

5.3 Results of Evaluation 

The study group of Wisconsin and AlaMma first graders partici- 
pating in the 1966-67 evaluation of PIA compared favorably with the 
norms group on achievement tests measuring both computation and concepts. 
The third-grade study group did better tnan the norm on the standardized 
concepts test but not as well as the norms group on the computation test. 
Developers attribute the low rating in computation to the Wisconsin 
group, whose students also scored low on pretests. Although the third 
graders showed considerable progress during the year, it was not suffi- 
cient to carry them to the norms group achievement level. 

Data J\nalyzed by socioeconomic class indicated that the first grade 
program favored high and middle groups over low. Third grade students 
in the high socioeconomic group achieved more than middle and low socio- 
economic groups. 

Results of the student and teacher attitude inventories showed that 
both, in general, were pleased with TV arithmetic. Teachers felt that 
the concepts were appropriate and reasonably placed and that the inser- 
vice training was effective. S-jdents indicated that the TV teacher 
helped them to learn arithmetic and that they enjoyed working with the 
exercises. 

Results of the 1970-71 summative evaluation of the ways in which 
PIA affects teachers indicate that "PIA can be used effectively as in- 
service education, particularly for those teachers with relatively lower 
initial knowledge of the basic mathematics which underlies a contempo- 
rary elementary school mathematics program. PIA does not seem to change 
teachers attitudes, however; nor is it beneficial J^n increasing know- 
ledge of concepts not specifically related to PIA. "3 

The developers found that television instruction is more effective 
when used on a local closed circuit basis than when broadcast over an 
ETV network. Closed circuit lessons can be repeated and paced according 
to the classes' abilities, thay said. They also stressed that the pro- 
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gram should not be used unless truly adequate facilities (only one tele- 
vision set per 30 pupils) are available. The developers conclude: 

Mass communication techniques are effective in 
providing both sound instruction for elementary 
school children and inservice training for elemen- 
tary school teachers. Teachers' comments. . .that 
for the first time in ten years of teaching their 
children are able to understand a concept are 
excellent indications that for the first time in 
ten years of teaching the teacher understands the 
concept.^ 

5.4 Independent Analyses of the Program 

No independent analysis of the program is available. 

5.5 Project Funding 

PIA has received grants from the U.S. Office of Education, the 
National Science Foundation, and the Ford Foundation. 

Distributor . The program is distributed by National Instructional 
Television Center, Box A, Bloomington, Indiana 47401. All materials 
are available from NIT and all inquiries should be directed to them. 

5.6 Project Staff 

PIA was developed by the Wisconsin Research and Development Center 
for Cognitive Learning at the University of Wisconsin. Henry Van Engen, 
Professor of Educatijn and Mathematics at the University of Wisconsin, 
was project director. 
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FOOTNOTES 



1. Wisconsin Research and Development Center for Cognitive Learning. 
3a3ia li'ojf'utn Plan. Madison, Wis. : Wisconsin Research and 
Development Center for Cognitive Learning, University of Wisconsin. 
1972, p. 115. 

2. Van Engen, Henry, and Robert B. Parr. Using Mass Communication Media 
to Improve Arithmetic Instruction. Audio Visual in<:truotion, February 
1969. 

3. Wisconsin Research and Development Center for Cognitive Learning.^ 

Evaluation of VatUvyia in AH-^ririet Ij in Cvadae 1-4, 1970-72: Effeata 
on •reachex's. Madison, Wis.: Wisconsin Research and Development 
Center for Cognitive Learning, University of Wisconsin, 1972. 

4. Van Engen, and Parr. Audio Visual Tnatruotion, p. 38. 
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MINNESOTA MATHEMATICS AND SCIENCE TEACHING PROJECT (MINNEMAST) 
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INTRODUCTION 



Sack Qeoond grade ahiid has a. plastic aylirj.e/* Dii'h u a^mtimeter 
t^.i:>c attached, into wh'U'h he yuls Jai-.;j" ani moy beane. He ob^^eyves 
u>:d I'eaovds -i-n hia wovkho ■ tha ahaxigao in height, of tht3 ooliQun of Wcitev 
iftev the beans have stooa Q-oevnight -Ik the watei', A subsequ-jrit activity 
■J "-'U dvy the beans urJ. make miw rneasureir.snts . Students use oalaru2^i^ 
•-luJrj in a preoioiii: unit to aonipai^e ihs weights of wet beam and dry beans. 
:'he t-caohev (iuggaati; cmi uhl'Lh-en ::bt^e/>i>a the opera li on of the swelling 
■•'•'.enomsriOfi in thfiiy another 'tj aooki^xj of oatvieal and i'ioe. 

These activities are part of a second grade unit in iHnnemast 
{Minnesota Mathematics cvd ik'.ienae Te^^ohing Projoov) , a K-3 curriculum 
Which encompasses both mathematics and science. The developers have 
coordinated teaching of the two disciplines since uhey believe each 
needs the other in order to make itself completely understood. The 
math/ science "togetherness" is accomplished through careful sequencing 
of the curriculum's 29 units— some in iTiath, some in science, some both. 
The same processes are encountered in different subject matters at many 
levels. 

The basic goal of the project to teach students to think. James 
Werntz, former project director, explains that the lessons, which use a 
wide array of manipulatives, were prepared to "direct the thinking of 
children into c'ssircd approaches to the subject. Teachers serve as 
guides, leading the students, toward specific discoveries, following 
a. . .route that v/e know they're going to follow." The amount of direc- 
tion or information children will need fur their investigation depends 
upon their maturity, ability- and prior experience. 

Minnemast developers were in the forefront of educators who defined 
thinking and problem solving in terms of intellectual "processes" common 
to both mathemar.ical and scientific investigations. Long before partici- 
pants at the 1967 Cdinbridcje Conference on the Correlation of Science 
and Mathematics in the SchooH suggested an activity-based unified pro- 
gram for elemc-ntary school. University ot Minnesota physicists and math- 
ematicians had begun to develop and field test Minnemast. USMES, a pro- 
gram incorporating many of the ideas presented at the conference, is 
described in this book. 

Although the pri)ject b^jgar as a l(-6 curriculum develonrent, only 
the K-3 materials were coi.ipleted before funding was cut off. The 
developer provides a booklet of recomrnendations about other science and 
math curricula v/hich can complete <:'i<? objectives started in Minnemast. 
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In 1969» Roger Jones, then associate director of Minnemast noted: 

I think that this project in a sense is typical of many 
of the projects around the country today that started 
several years ago. The thinking has changed and become 
even more radical since then, and the "old" projects 
are all behind the times. They are miles ahead of what's 
actually going on in the school, but not in terms of what 
people are thinking of doing in schools today. In the 
sense of a really free, open experimental school in which 
there's no grading and the children sort of do what they 
want and follow their interests and have lots of things 
available but no direct guidance, Minnemast as well as 
the other projects still have a long way to go. 
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BAblC IMI'DKMATJO:] 



/v, >.■:.:: \'\\n\]ii-jQVx ilautieiiiu tics and Science Fedchipy Project 
'(;'1innemdi.t) 

- i-'ut: Coiiiplote iiidtheiikt tics and srii.'tiCL' iirograM f'-*" kindergarten 

througn tiiifd 9t\;ut> willi sujcja-jt. i ^ns rov ':ontinuvni| progi-aiii in inter- 
meuidte (jrades. I'ne '^J unit:, ir. idcth, sonip- in science^ ajid 
some bctfi, ire i!ilo"'a;I:::iJ and spi»'.\riy '.:vKiucinCiid su tha'. coiiceptii 
are introuucL^d in simple fcv'i,i *tnd later ri • nrorcjtl and elahorated, 

-iw, act iVu-loD.rninn mathviin-jtic-: curriculuii! coordinated vnth 

science unilG and cnipiiusizing the- cuiitriuution of both disciplines 
toward the civi'ld' i dovolop.. 'jiit uf lixjic?'' prccosses. It-aching 
'jtratt'fjy reli^-'S on ust- or ^ laVijH Miuiibvii- of tdanlpulatives ?M labora- 
tory in\^c:itinatioirj. 

-''it-K Concepts ufid pT'occsiec, co. ^liiOi! natl'.t;tfidt"'cs and :>c. ience. 
Subjects included are i'?a"l nu;;^u'.-'r^ and cjnoiiiotry in matii; science 
concepts of systfiifi, , inirjfdction, :iiai;jc?, rev>>rs ibility, invariance; 
ana science tcpitjs ui space, i:i:..e. niiiiter, fo'-'Yo and field, life. 
Processes ^'re obo'ir vati'jn, fcxpcJ>- iniintation , g-jneral i nation. 

Suyy^Uue.i lu:^: 'wOi!ipl.:ite niutl-fii^iti cs and science curriculuM. 

.'■.:i"y.o; uu«::J-i!>K-v'; Stjdeiits 'of 1 1 DUlH^y levels » grades K-3. 

i:.i>itit-: of lij-': with r-.'COi:i!iit;ndat ions for the? iiiteriiiodiate grades. 
Developers expect tii^ proqi dm Lo be used daily lor one class period 
(2it)-4Jj minutes), toch unit takes dbviit 'l-B /.-(^eks to cunipletp. 

^'i.^r j\" ceuanrr-'o: Toachei's' iiktnu-/l:- for each unit, complete lesson 
plans, student v/orkbcoks, kit of nianipu 'ative !ii;jterials. 

y.'cj ov'je^e'. i :': Alaii Hu'i'p r fy ^> '\LSOciate Profeisor of Elementary 
Educat ion/!1inn*!SOta School ,"1ath£-iiia;.ics and Scierca (Hinnemath) Center, 
University of Mi nrie^'itiu 720 Mc'sliiiurton Ave. S.E. , iMIr.neapoli s , Minn. 
5y4i5o. (G12) Zl:'>-yj?.?. . f-euidinu di r'jctor was Pdul C. Rosenblooin, 
and James Wci'ntz vwi-. airectov* diiriiuj i lii^jor development phase. 

l^udU:iu:v: Mi/ineiiiast. 72U '•!';.sh inoton A>/e. jJ-., Ninnoapolis, Minn. 55455. 



1. GOALS AIID RATIONALt 



Developers of the Minnesota Matheaiatics and Science Teaching 
Project, 'linnemast, believe that most students suffer from a condition 
they call "atrophied thought proctiss." Thi'j de<ieMeration occurred, 
in the developer's view, because students hai! 'oeen taught to produce 
ready answers to problems; they had not oeen uryed to apply thought to 
the solution of these problems. They not'^d ihdt if young children are 
expected only to react, it is difficult, if not impossible, to later 
teach then to think. Prograiii initiators thisrefort; sought to develop a 
curriculum which would help elementary school children learn to produce 
reasonable solutions to problems. They believed that math and science 
were the best media for teaching a rational approach to problcn solving 

The objective of Minneinast is to help the children 
develop the intellectual tools of rationa". inquiry 
and not necessarily to prepare them lo be scientists 
or mathematicians. The tools of rational inquiry 
apply pot only in science and mathematics and other 
studies, but are powerful ways that lead to under- 
standing the experiences of our daily lives as well. 
Briefly, our main objective is to guide children 
in learning to think.* 

Paul C. Rosenbloom. the project's initiator, indicated these specific 
program goals: 

1. Supplying children with effective, efficient procedures 
for arriving at rational conclusions and with motivation 
to apply these p»'ocedures in scientific and other appro- 
priate contexts. 

2. Presenting mathenaticr. and science as part of the con- 
tinuing human endeavor to mfke sense of the universe and 
man's place in it. 

3. Present! % ua theme. tics end science a', creative and ever- 
changinq disciplines, in order to close the gap between 
science as it is taught ui our schools and science as it 
applies to current research, research scholars and every- 
day life. 



*A11 quotation's' are' drawn from loaterials issued by the developer. 
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4. Supplyinj oxpericinces in ihe prociiisov. of the •physical 
and biolonical ir.ncc •.; am "skills m !:;ai.;)einotical 
techni quii c:^ arc: ■i'j-i.^Ld cvoryo-ic ;o rLiTCtion 
effectively in ^ oc I'.-.iy . 

5. Providing a iOitnd t-"t)undi':ion for tiie rrJiniiK) of 
future prof ess io,»a1 iiiwitheir.il i :iri:r, -ui':' scientists. 

1 . 2 Rationale 

Minnemast lUis bauii ' by i-icuiy hv iueiire:- . accordiriq to developers, 
but two educational theories n;ive Deen C ^i.e^ial iinportu nee. first is 
• ).>rome Brunsr's trieory dh.'.t a curriciriUKi snOLld provide 6 coiierent ^ptttern 
leather than isolated bics or knowledcje. Brunar Delievcs that a child 
learns more and r-etain?. longer tnoie ideas and Sr;ills which fit together 
in ') unified struc '.u.-fj . in Minnena'J-, a pattern is provided by ct "spiral 
curr iculuiii" wnerc tjivJai:ior,tal reappciir in increasiiif jy r.omp'Iex 

situations. 

The second Majo-- •; 'if ii.K'Mca c.-; :iinnei^i ':;f is th-.i-. o-r Je^n Piaget, whos.'» 
analysis of the. ii'i .ji -: of t>v: 'Jr-] \' :> int'/i It^CLi^al devolopiMent indicates 
that learning, c;tr.r !ouu-»;;!e to 'a'-.er r,ta«je of thinki.ig can only occur 
after coriiDleLiOfi 'rf '^n,-^:rr ^to'ies. In !'i;;'j9i: = work., the preschocl 
•.>pd priiiiary studern; jy..-. n^' e>'.peri':»'.c'^}:. with "uoncrete" pi-.v.nomena to 
build ever more e'l ^bo- a^c > oncf.ptual sr.ruc cnres leading to wPstract 
thought. Piafjet dsseri::, thrt ;■-'.'■] rjwwn'^ develop tiiinidnq in '.hages, and 
skills associated with Ic.i'^r jbstraci ^;;ages of thought cannot be last- 
incily learned until t<\r^. p'.n'S'.wi lus r.s '.iim iaLr;d Lha neaiiipg of his early, 
siniplfc; experiences, Arcordirir.; /., :",ini'Ki.icist loes not attempt to teach 
children technique.-, i 'ive Iv-i-io ^.yiNbolic tnoiiqht--siich as arithmetic 
a lfjorithiiis--'jnt ; I cliiir co/tlopi i.-mi'. iias redciieo ihe stage of real compre- 
hension of concept--- --noL inr,'. . ' te inw.ory f'li iTreiiioSt provides many 
experiences (for instanc-.' n ■■\^ovH::dl-\-v^ r. I <• rr> i -f-y i nci » orderimj) to 
aid the child's trans ^ r.-iuii iroi. "u. (-i-oDeri-.tiona • ^' to "operational thought," 
wnich occurs aroui-d i.f.c .. j; :; ;;< sever in ;:.ost children. Then the 
curriculum Oifer-: ouora.i jn:; 1 c-Ape' ifiices ;:c ijre,-i.<;-e the child for the 
logical stanf. arou-icl i:iie '..•-■irly taeri', , ■•'hen nene.^-il i iatioii, abstraction, 
and deductive this-'Mno ''}tMO"ie ;!.•■:.,:•-■•' way. or r.T'/jani/. In-j experience. 

Developnien'.j 1 ■:r'C'Orv .;..\i-.ier. ^.^iM-.f/iy aqalnst inr G'"fecti veness of 
traditional insr.;-..ci:ior. .^^-lic.-. :;n learninq by * ote tneinory. 

Minneniast deve^J!.;^fs vq':^,'. ^c'l^t/^ Leachi/ici wnich J^nands mastery of 
facts rather than utider^i.aiiJiv/- of op'jr.v. tions c^nd opceots. This follows 
both from theM- belief-. .\JOir. ho'.v cnildren leain and their belief about 
the natu<*e of science. ' i? not on fi.icyr iopedic coTiection of facts, 
HinneiTiast develcp^^^^ KfVievi . .'wkils Worntx', a. former director of the 
project, has Suid; 

As ail ovf-r'u I i 'ibi :\: ';iv<"-^ we o.ur,! atteiT'pt to give child- 
ren ar '.;::'!.:■•"■ •''•fdliu: .--f i-'ff- '^s^ential Intel '1 actual 
coritLMt cf 'v: i'.r.-. •-•tiic. o;,'.-rdt ion of scierico, if you 
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will. And we must gear our programs to provide them 
early enough and often enough and so concretely that 
they find a place in the immediately ?ccessible intel- 
lectual toolbox of all children. ... It is important 
to structure presentations so that drawing of con- 
clusions by the teacher is discouraged; r.nd to organize 
the material carefiiUy, so as to direct the thinking 
of children into aesired approaches to the subject. 

Another important feature of the Minnemast rationale is the com- 
mitment to a coordinated matheinatics and science curriculum. This coor- 
dination implies that each 'subject can support and reinforce the other 
where appropriate, with common techniques and concepts being deliberately 
sought and exploited. The developers give several reasons for combining 
math and science. For example: 

It is natural to teach mathematics with applications 
and illustrations from science, and to teach science 
when you can make use of its mathematical framework 
The description of Newton's law of gravity or the 
growth rate of a plant Is so simple and precise In 
mathematical terms that words seem cumbersome In com- 
parison. Similarly, the abstract Idea of vectors or 
of the real number system can be made much clearer 
through physical illustrations from the sciences. 

In addition, mathematics and science have relied 
heavily on each other throughout the course of 
their common development. The very backbone of 
much theoretical science has evolved. In a sense, 
as a branch of applied mathematics and would not 
exist today without it. 

The boundaries between science and mathematics are 
not always very well defined. Many aspects of the 
two disciplines overlap to such an extent that they 
are of equal importance to mathematicians and 
scientists. Thinking about mathematics and science 
as distinct disciplines is not necessarily the most 
fruitful app»*oach for the iiiar.hemat1cian or the 
scientist, to i;ay nothing of the layman. It seems 
quite reasonable to avoid making a strong distinction 
in the mind of a child. . . . Breaking the bOi.ds that 
join mathematics and science together probably harms 
that child's appreciation and understanding of both 
subjects as much as it weakens the creative union 
between the two. 

This integration of science and mathematics is seen as only the 
beginning of a possible full integration of other disciplines. 
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2.1 Con tent Focu s 

Minnemast combines 'iubject mauter frcri both math and science in 
itii K-3 curriculuii!. Mathtiiidtics subjects covered include number line, 
riUi'iber theo)-y, ari tluiietic, continuity, probability snd statistics, sets 
^.nd groups, functiuns, iiic-asureiiicnt (iiiotric), shapes and configurations, 
and Euclidean geonte^.r-y. Scieo.Cc s'jbjects covered are: systems, inter- 
action, change, revrfi-sib^ ! ity, iiiv-iri«nce, space, time, Kiatter, force 
and field, and life. Alth';u'jh thd «!nf'rfc curriculum seeks to weave 
inathfciiiatics and science lOjttiier* sumt* units emphasize or.e subject more 
t;>an the other. In soiiit unit;;> developers caution, the union of the 
two subjects may not be iioparenc simply because v;e traditional ly con- 
sider certain topic*; as eitner math or science, when in fact, they are 
basic to both niatheiiiot ica) and scientific understanding. 

Tor iristai.ce, frorn the title and initial inspection 
of the fir..t unit, W.iiching and Wondering, one iiiight 
conclude th^it or;ly science is treated. The project 
developers fetl, hoviever, that v/atching (careful 
observation) and wondcrrinq (asking questions) are 
just basic to tlie thinking of a mathematician as 
to tliat of a i=>ci«ntist. A topic which may seem 
important c-nly to mathematicians, such as graphing, 
is just as riccc-ssary for a scientist. 

The units are based on skills and processes such as observing, 
describing, classifying, comparing, ordering, meaf.uring, and computing. 
These skills and processes are arr^angect in a spiral curriculum in which 
they are touched on over and over again but at more sophisticated levels 
in succeeding units. Because Minnemast uses a spiral format and because 
many lessons require exparipnce v/ith previous lessons, randoisi deletion 
and rearrangement of material is not recommended. 

2.2 C ontent and Organ iza tj_^t> n_ t iie_ Subdivisions 

Minnema.st cons its of-' 29 unit? designea for kindergarten through 
third grade student^i. There are 7 units each for kindergarten, first 
grade,and third gr?idc,anG tor second grade. Fcl lowing are lists of 
titles of the unit-i. After i^omc of the titles are sketches of the 
unit content. 

Kindergarten 

1. Watahir-;j u;iJ W:.'!uit.yiv-j 

2. Ctu'vea ovi Chape j 

j. '.J-iJ.'l'iuir,^ ..t-; J'i..u}'yifrl>i^, ..kits. 
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4. 'Jsiyuj Oiw SensQB 



5. int^roduAnj :icacui-orient. Length, area, volume, and time 
duration are introduced as properties that can be compared 
and ordered. All work is non-numerical. Children first 
see a need to measure a particular property and then 
develop methods of comparing each of two objects using 
that property. 

6. ihunevation. Children first use a set of objects, then 
tally marks, and finally numerals to represent the number 
of objects in a set. Through comparing different length 
rods, children perform pre-counting, pre-addition, and 
pre-subtraction exercises. 

7. Inti'oduolng Synnetry 
Grade One 

3. Gbeerviyi^: Px^opevties 

9. ^fumbei'ij and Cou-iting. Set comparison, numbers, numerals, 
and counting. 

10. Deeovihing LcaaUons. Children learn to make ^nd read a 
variety of simple maps, and to describe verbally where 
something is. Two mathematical concepts are involved. 
One, "locus," reviews dnd extents set concepts; "frame 

cf reference" provides a foundation for later mathematics 
work with graphing. 

11. I'ltrodujing Addition ard Guhvvaation. Sets, number line, 
and place value. 

12. yun.aui'ment with Refepsnce Units, Length, area, volume, 
and time. 

13. lutii-'pi'ctations of Addioiayi arJ. Suhtraotion, Measurement, 
sets, and number line. Children learn to use an addition 
slide rule to add and subtract larger numbers and numbers 
other than counting numbers. 

14. ExgU-vlnij Jymie.f-vi'tiil PattJi'HB 
Grade Two 

15. •rvJ-iotigatlyvj oiiot^mij 

16. i/mberr and lUaouring. Numerals to 999, fractions, negative 
numbers base four, ordering of lengths incluriing diam'Jter and 
circumference. 
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17. Introducing Muizipl-^ ■:alioy. ard Dividon. Multiplication 
Is represented as repedted addition by jumps on the 
number lino, coMbinatinns of equivalent Lets or arrays, 
and related scales um parallel number lines. Division 
is presenfed as breaking up a set of things into equiv- 
alent subsets. 

18. Saaliivi jyu:i Ret:j>eiicnu,:ti:m. Maps and scal'? models. 

19. Compoi'in;: char.jcs. Children observe changes that occur 
and measure and t^ecord these changes. Experiences with 
plants, volume and weignt., and temperature changes lead 
the children to explore relationships among variables 
and to represent them graphically. 

20. 'J31KJ uw<^v ^Iwiberi;. Addition and subtraction of tv;o- 
and throe-digit numbers. Graphing, place value, and 
measurement are included. 

21. Anj'icj TIC 3j:- . T!iis unit integrates some scientific 
ideas with tlr. .• ol' "pure" geometry. Angles are defined 
and measured. Angles and their properties are used to 
describe a variety of natural and geometrical objects. 
Children are introduced to regular polygons and symmetry, 
as well as to some thret'-dimensional concepts in 
geometry. Geometric congruence and similarity are 

used to make some size comparisons and to introduce 
the idea of proportionality. Optional projects, such 
as making periscopes and sundials, are suggested. 

22. ?<XL'iQ am Fipccj, Rational number:.. 
c3. Conditiono Aj'f(--rr.-i.-ig I'-ifa 

24. Cnange ard CcUr^latio:. Simulation Of a computer. 

25. i-fuLtip' L-ju" Coh j'ul r^o'i'M:., Di Tf erences and similarities 
between multiplic?Lion and aclditlor-; commutative, 
associative, 'T^nd d^'.trW-utAvp laws. The activities 
provide a •■cund.i uion fof the study of the relationship 
between :>loi.-.:c' 'linc-ar graph and multiplication. 

26. W^y.it J re J'liinja 'Au -a' 

27. :jimL'e>':j *i v/i'. ' ■>;>'■ Multiplication of numbers 
written in base v^n and other bass?;.. Field properties 
of clo:;ure, idenl: y. inverse, associativity, commuta- 
tivity, and di su' 't'-u^-ivi ty . Some work with equations, 
patterns, negative integers, and exponents. 
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23. Geometry and Geography (Mappiiig). Using simple geometrical 
ideas, the children review and extend map-making. They 
use elementary surveying techniques and some simple 
coordinate systems. By constructing maps of their own, 
the children begin to see mapping as a transformation. 
Children study different kinds of maps. Through optical 
projection, they learn how the curved surface of the 
earth can be represented on a plane. They use longitude 
and latitude for the global coordinate system. 

29. Naturat Syetema. Animal locomotion, plant, wind, and river. 

2.3 Materials Provided 

Student . Pupil exercise books have been developed for the first 
through third grade units. Kits containing manipulative materials are 
packaged for classes of 30 students. 

Students use the following three items during kindergarten, first, 
and second grade Minnemast units: 

Minnebar: wooden rods varying in length from 1 to 12 
cube units. These differ from Cuis^-naire Rods because 
unit divisions are indicated on each rod. 

Property blocks: similar to attribute blocks of other 
projects but modified to fit the program. There are 
48 blocks having three shapes (square, triangle, and 
circle), two sizes, tvvo thicknesses, and four colors 
(red^ yellow, green, and blue) for each shape. 

Addition slide rule: introduced in first grade, this 
tool enables the children to add and subtract larger 
numbers before learning the standard algorithms, and 
also to add and subtract numbers other than counting 
numbers. 

Teacher . The pro^pct provides separate teachers' manuals for each 
Minnemast unit. The meiiuals contain a suggested teaching schedule, a 
list of materials needed for teaching the unit, not^s to the teacher, 
a list of unit objectiv&s, and detailed lesson plans. 

Two enrichment booklets are also available from Minnemast. The 
first, AdvcrtuY-ea it, S3ienae and MathematioR, is a series of narratives 
about the lives of famous scientists and mathematicians. Living Thinga 
in Field atid ckissroom suggests to the teacher ways of coordinating 
activities in the classroom and out-of-doors in the study of plants 
and animals. 

Another Minnemast publication, OvervieWt explains the program phil- 
osophy and provides sunriarles of each of the units. Mlmimaat Reaom- 
mendationa for Math and Ccitin'je in the Intcrnediat'j Grad&a offers 
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suggestions of math and science units or programs which can correspond 
to the content and approach of Minneinast. 

2 . 4 Materials Not Pro .vi^iM 

Most units require a number of items which are not included in the 
kits but are easily obtainable from grocery, hardware, or scientific 
firms. For example, the teacher is expected to provide plastic cups, 
shells, seeds, corn meal, and mealworms. 



3. CLASSROOM ACTION 
3 . 1 Teach inq-Learniiig Strategy 

Lessons are introduced in a variety of ways including games, demon- 
strations, experiments, or stories. During the course of one unit child- 
ren may work by thcr.iselves in small or large groups. Minnemast activities 
are designed to place the student in situations where he can hijpot'meUa 
yosslhle solutions, ^i\'puJe .u^.iJicJs of oheakln^ the IiypotheHo, acwry 
out ^jxpevimcKts, and IcL'idr. whathci' j. hypoih.^sis 3e^n3 puiueuhle 7n the 
Uo'lL- of 'exuevbne<Ld ruuv-lrj. 

Although the materials have been designed so that the entire class 
works on one unit at a time, teachers may select specific lesson activi- 
ties for individual students. According to developers, children can 
continue to work on Minneinast activities as long or as in much depth as 
their abilities and interests pennit; they expect that every pupil will 
be capc^*^le of performing some viork on a problem arid gaining the basic 
knowleuje needed to move on to new units. The units include supple- 
mentary materials ^or more able students. Robert Jones, former associ- 
ate director of Minnemast, said: 

. . , Teachers havy found that they can, by selecting 
the materials, iMke some things easier for the children 
who are ha/inq more trouble. They may use other 
materials for^hose that are doing well. We try to 
provide material or, different levels and then expect 
the teacliers to do scii? selecting on the basis of 
student nc'od. 

Minnemast units are designed to be used in a specific sequence 
because the curriculum is a splroi one; concepts presented in early units 
are reinforced and extended in lator .its. instructions for teaching 
a unit vary. Some cctivities arc outlined in specific sequences, others 
are described in general tenii'?. 

In Minnemast, the tcucMer serves as a director and guide for student 
learning. According to developers: 
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. . .the teachers should try to teach In such a way 
that children determine the answers for themselves 
through experimentation. ... It is easy for a 
teacher to answer a question, but very hard to give 
the student some way to find an answer for himself. . 
. . If a teacher succeeds in the latter, she comes 
close to educating. But if she resorts to the 
former, she is missing the point we are trying to 
make. 

Thus, teachers are expected to help stude its formulate appropriate 
questions and discover ways to test hypotheses; teachers are not to 
lead students to the "rigU" answer. The specific amount of direction 
or information children will need depends upon their maturity, ability, 
and prior experience. 

3.2 T ypical Lesson 

Unit 12, Measurement with Reference Units, is designed to be used 
by first grade students. Developers suggest that this unit be taught 
daily for 2^ months. The unit is divided into four sections: measure- 
ment of length, area, volume, and time. The following lesson. 
Measuring Volume by Water Displacement, occurs midway in the unit. In 
this unit and others measurement serves as the link between math and 
science. 

The teacher begins this two-day lesson by showing the class a glass 
of water and a piece of plasticine. After asking the question, "What 
will happen if we put the plasticine into the water?" and eliciting the 
response that the water level will rise, she drops the plasticine into 
the water. Next, a student alters the shape of the plasticine and the 
teacher again asks the c'ass what will happen whan the plasticine Is 
dropped into the water, the also queries, 'Will it rise the same amount 
as before?". Rather than telling the children the correct answer, the 
teacher asks the students to suggest an experiment to check the answer. 
Experiments and reshaping of the .ilasticine continue until it is clear 
to the children that the shape of the plasticine does not determine the 
amount of water that is displaced. 

The teacher then conducts two demonstrations to illustrate that the 
volume of water displaced is the same as the volume of the plasticine. 
In preparation for a fourth demonstration, the teacher fills a tall 
container half full of water and marks the water level with a magic 
marker or rubber band. Sne then showr. the students a dozen small 
objects such as marbles, pebbles, or washers and small glasses called 
"Minneglasses" and asks, "How could we find the volume of these objects?" 
and "Could we use this water somehow?". The teacher then guides the 
discussion so that children see that they can place the objects in the 
water, note the new water level, and measure the amount of the increase 
using the Minneglass. Next, teacher and students calibrate the larger 
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container using Minneylass units. Th.se calibrations can be used to 
measure the volume of objects. 

After thesu de'-on'J ration^; are ■unnp letcd , ;>.=iir3 of students are 
yiven a tray, a cyl indrica'i containef , water, a Mi.int'gl^iss, and a piece 
of plasticine. The students are directed to calibrate the cylinders, 
find th i volume of t'le p-'ece of pLciUciric, and ineasure the yoluine of 
ottirr objects. As a concluJiti^ activily the c'ijss c'i=icusses a Minnemast 
story, The Crov^ and the Pitcher'"'-, Lht^ ta'tt; illustrates hovv a c'ieaver 
crow uses d isijla'.-eiiiep.t to qurii.:h iiis thir-'Jt. 

- • ^ Eva lua tion of _S j: u ck: i it s_ 

Minneinast aces not }.>'-ovide tests oi' other instruments specifically 
designi-'d to measuri^ Suudont p jrrcniiance. Ituchefs ;nay evaluate pupil 
proyres":, usiny a li",!: uf learniny objeLCives coniained in each unit, 
l.xper ii!;ents and .-/orksrieet: i ar;- I'l.jant to aliovv the child :c chock his 
owfi developuieiit of ■ji.dtfs'L^ndi ir.i and skill. 

^ • Out"Of"Class I ; ^' ^)iWJi_t 1 01"' 

The l:eac h (;•■>■' s for each unit coi-.tnins detail-::d information 

and lesson plans. 1;: idd^. tlo)^ lo reviewinci th'is material, the t^iacher 
may v/isn to read i;0':;i'/jro.:nd maierial listfx! in the bibliog-''aphy. 

In preparation for each lesson, i.eachers .>'iri need to coliact, 
arrange, and oroanize many irMiccvialj for demrnstration and student experi- 
merita;:ioii. Minuemasr. activities -iis'.^ require uhat ttachers give a great 
deal of thought to classroom orqanization and i.,-fOuping of students. 

[••'■=K"'T.^T10n: ULgli.iREi-ir.l-lTb Ahi.) COSTS 



4 . '! ii:n,ool_ i'icj ! j tj.r';!. ''.O"-! '■^r.f.-IIS.-ri'rP.U. 

The pruqraiii . s ue .i(;f;?;d ■'''o"' ust-:: i;i Juy classroom in which desks and 
chairs car be :>ovv^d S'"- a;.- ':c {'ca a ij.i';"-: open a>'eas, a»Kl which has counters 
cr sneives "here ^''I'Ol / :;o|i'>r-i;:i!_-. left bstwi-et- classes. There 

■.:hould bi shuif spa'.'.; i sr .jj'" li "u ra;u1piiient. Some sciiools havi found 
•, t co.swoni( I t.o pr'j' '.i - iTi ..■■'st rocin v/here tli-^' .dtb for all 
classes can bo stsrirJ .--i.-j ix- ■i^is iiy ossessib]^-; as neeJc^d. 

ivo ■jorticular i^orm of S' Hm/l :m' ':lass»-oum ovcinnization is required 
for Minnoii.ast, It -.vas desicpico ro ir- use(i ''or* whole-class teaching in 
whicn al i childrci could u'o>'i 'f'-j on :,hf.- some aoti vi ies but at varying 
level;, of sopiii -U! '".a n. ''lO K^\":''''v wnc h^s already mastered the prob- 
lem of breaki!.'! up a I:.-..-. i.;to s-u'Mor instructiopal groups can find 
Minnyrast a vd'!'j;">i;le ci.'.r^- i'.-u'lui,', if sir- puks and chooses act-Jvi ties she 
considers apf)ropi-iut.c. Th-? orourvii^ is ■iot: assigned as an ind iv'idual ized 



progrdm or as a vehicle to assist the individualization of a classroom. 
Because it was designed for whole class teaching, it may appear unattrac- 
tively teacher-directive tu teachers committed to open classroom teaching. 
If they can look at the substance of lessons rather than format, experi- 
enced teachers may find it a rich curriculum resource since its acti^^i- 
ties for children are based in developmental learning theory. 

Because the program dees differ from traditional ones and because 
there are no traditional assessment instruments, administrative assistance 
and support is important to the successful implementation of the program. 
Developers recommend that administrators become acquainted with the pro- 
gram through observing the program in action, working with the materials, 
and possibly teaching small groups of students. 

Most districts have chosen to implement the program one year at a 
time, beginning with kindergarten. Developers suggest that schools follow 
this pattern but see little difficulty with a school introducing Minnemast 
all at once in kindergarten through grade 2, and introducing third grade 
materials the following year. Developers believe that students new to 
a Minnemast school will ha;e little difficulty entering the curriculum. 

4.2 Student Prerequisites 

Minnemcst units and activities are carefully sequenced, proceeding 
from simple to complex activities. The curriculum is a spiraling one; 
skills needed for activities are often presented in the early units. 
Because of this organization, developers recommend that teachers follow 
the prescribed order of lessons and units. Teacher notes for each unit 
refer teachers to earlier lessons which are prerequisite. Teachers 
whose classes are new to the program may wish to provide additional intro- 
ductory activities or adapt supplemertary activities. 

4 . 3 Teacher Prerequisit es 

Developers originally intended that inservice training in the Minne- 
mast philosophy and mode of teaching would be an integral part of the 
program. Therefore, teacher manuals spell out in detail what teachers 
should do but do not explain why they should do it. If teachers do not 
understand the rationale behind the program, they are likely to follow 
directions unthinkingly and tna program will take on a highly teacher- 
directive style entirely contrary to the develope»'s' intent. Although 
Minnemast developers conducted courses to introduce teachers to Minnemast 
in the past, these efforts were curtailed because of funding shortages. 
Occasionally, Minnemast staff members teach workshops on a consultant 
basis. Interested groups should contact the developer. Over the years, 
the National Science Foundation has also sponsored several i/orkshops in 
Minnem«»st across the United States. At the very least, teachers planning 
to implement the program should pian to attend a course concentrating on 
active-learning or math workshop styles of teaching before using the pro- 
gram. Such courses are available in most colleges, extension departments, 
and teachers' centers. 
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4.5 Demonstration Sites 

The following is a partial list of schools where Minneinast has been 
used for more than one year. 

Florida: • University of West Florida 

Pensacola, Fla. 

Illinois: Evergreen Park School District 

Evergreen Park, 111 . ^ 

Louisiana: Rapides Parish School District 

Alexandria, La. 

Massachusetts: South Hadley School District 

South Hadley, Mass. 

Minnesota: Burnsville Public Schools 

Burnsville, Minn. 

Mississippi: Leflore City School District 

Leflore City, Miss. 

Missouri: Kirkville R-III School District 

Kirkville, Mo. 

New Jersey: Newton Public Schools 

Newton, N.J. 

New York: Union Free School District 

Oceanside, N.Y. 

Texas: Keene Adventist 

Keene, Tex. 

Virginia: Falls Church School District 

Falls Church, Va. 

Washington: Edmonds School District 

Lynnwood, Wash. 

Wisconsin: Alverno College Elementary 

Milwaukee, Wis. 
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BEST COPY AVAIUBIE 

5. PROGRAM OHVELOPMENT AND bVALijATION 



5.1 Program Ueve I o.p.taoiit 

In the eariy 1960's many educators^ scientists, ?.!id matheiiiaticidns 
began urging the deve lopnierii: of elenifnitary scliool curricitla v/irich would 
Integrate science and mat hep.ia tics. f^inneinasL Wds the earliest of the 
programs planned to accomplish that purpor.e. In 1964 Hinnemast' s first 
director, Paul Rosenbiooni, stated , "l-i-? are possioly t\v-j only onss 
attempting a ful 1-f led>j:^o cooraination of tiie currl ':.!.!! " Many of 
Minnemast's initiators" later ■influtinced tlie devoiopment of otiier math- 
ematics and science curricula. Rober'v Karplus ^atc'" the director of 
SCIS (Science Curriculum Improvement Study), directed the initial stages 
of tiie development of <icience units. .Jaincs Werntz, Or., professor of 
physics,was director cf Minnemast from 1965 to 5^72, He later partici- 
pated in the development cf IJSMEV, anoLlier combined metheiriatics/science 
program which was devclopad i,i ri^ispoiisj; to sungestionr. growing out of 
the 1967 Cambridg*.^ Coiilerenc-.? .'n tne CovTe.loi.ion Science and Math- 
ematics in the School-.. (Ui^i'.i'S i> describev^ a te report in 
this book. ) 

Minnemast orioindl iy begc;n at; a niathemiitics program, Minncmath, at 
the University of Nlinnesota. in 1962 the project received Its initial 
National Science Foundation support;, teams of more than 00 niatheinaticians, 
scientists, and edur:at(r, <:. b<?aan developing i ndepend'?nt mathematics and 
science materials for k inucvgartp.n through sixth g'.;:di^ The units were 
revised after classrooni t-icils, rind developers began combining the two 
subjects into a cuovdin'ted mathematics/science series. Minnemast 
developers had original iy envisioned a complete iv-6 program, but because 
of funding shortage?-, G'.'v/f:!o'>:iieni; wa? terrinated in 1959. The tasl< of 
weaving the mathcnacii-s -^'i-J :>cicnce units together was accomplished only 
through third grade L-fr'.;:':' fundi.-g was discontinued. 

Tlie project is no ]-.M^r active at the University of .Minnesota, but 
a Minnomast office r-twdir "-l Ji -^fr boior of the mner'e.l'., and Al?n 
Humphreys and Thoma^. Po'^r nf' thr; University dcpartiMcnt cf elementary 
education arc in t.^ucii with ..cnc-^i people oz'^n Minncmas' or considering 
adoption. 

G . 2 Developer' s ^: v o ; u -U 

During the course u' i-'innciir-st doveloii:rie.'.t, tlie cur^^iculUiH was 
field tested in c luV,.' .o,n:. .j.ross the n.ition. The loat.srials were 
revised on the basi^i oi" tj/.:,tT5r an'! observer comments and results of 
student test^, of" ^c.i' ■ si • .v;; .•<.,' tain ^,i<ills. 

DutA OP studoni r 'r - o< or l,e^-.ct^'i ^ivithTOtic a. hievemeni: tests 
were collecti^', but a i'ii:'il f\^!.cr;, waj not prepared Similarly, a sum- 
mative evaluaiion of chc CMrrict' lui/ cm.iIu ro^ be completed because of 
the premature teriv.mdticn of fi-io prc.jr:)' t. 
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Developers note that they continue to receive orders for replace- 
ment or implementation materials. This continuing interest in Minnemast 
is impressive when one considers that because of its incomplete status, 
Minnemast was never commercially published as were other major science 
projects of its era (Science— A Process Approach, Elementary Science 
Study, SCIS). The Minnemast Center at the University of Minnesota con- 
tinued to distribute all printed materials but entered into contracts 
with various distributors to market the classroom kits and manipulatives. 
Difficulty in assembling materials from three different suppliers was 
for several years a handicap to implementation, in spite of this draw- 
back and regardless of the fact that the program has never received 
commercial promotion, developers say it continues to sell by word of 
mouth. 



5.3 Project Funding 

Minnemast received funding from the National Science Foundation from 
1962-69. Supplementary support was given by the Louis W. and Maud Hill 
Family Foundation of St. Paul, The School Mathematics Study Group, The 
U.S. Office of Education, and the National Institute of Health. The 
project uses money from the sale of materials to support program dissem- 
ination. 

5.4 Project Staff 

The project was initiated by Professor Paul C. Rosenbloom of the 
University of Minnesota. Dr. James Werntz, Jr., professor of physics. 
University of Minnesota, was director from 1965-72. The program is 
presently directed by Alan Humphreys, associate professor of elementary 
education. 
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BEST COPY AVAILABLE 

INTROUUCTION 



F.iaed L'itii the clicdlinLin: "Fud a ouy dooii^n ov mai':c 'ihcoi-jsa 
i'l tkiy^jr tho': -lOu UiU? Of co thii ::J:eij Will be a good " o'-ie 

USi'lL.i (i-.il'icj. .^-^lence j.rv.l :Jathim:2r.^^-- E' cn.cKtai'j Siikcjl})) aixzh- 
jvadr (ilaes de'.' : d^^d .iesijn and ^nake c'j.i'i:-3::ti>y aprons which Qludenta 
'.ioiu I Dear :^hilc the:, 'jor^-.ed in vksiv :^oho-l'a icipkrjiop. iJrn-tl qyoupis 
■ ■'J* '■'hildi''on poi'cd rr;nep students in vhe sjiionl- to gathej^ sug^jedlione 
J'ov upi'ji de.sir;n^ joulcated apvvopiHate measu/*ement8t yraphcd vha tri'-.a'- 
ru2-jricrt - n:eidcd on five apron sir.cn. The ,7lu.3S rdien set -jut . 

:o 'M>odu<jc av.-'unj; thcv ijuva^tased tt:e -^le^yeffScwy n;ateri'..'.8 iczd divided 
the pt'cdujl '-J"- o/rjjii^j gvovvc of svud/jntu, Vfneyi the apr(yV.i; ii<J7'e aom- 

hli't-edt the 'Aa,':-. h.eld u-! ap^-'on suU cirA sold ^.O'l^-': vhan CO aprons. 

Throughout, the unit, students practiced or learned new 'kills in 
math, science, social studies, and language arts. In planniny the 
design and construction of the aprons the students used sampling, mea- 
surement, and computational skills. Development and solution of their 
specific problem, making the aprons, raquired that students use scientific 
inquiry methods. Social studies concepts were practiced as the class 
worked in groups, disseminated information, and considered individual 
differences and s-lmilaritie:,: during group reports students improved 
language arts skills. 

Developers e.xpfict that eacli class using an USMES unit will approach 
that "rhallengc" in d differen!: manner; for instance, one class built 
comfortable chairs in conjunction with the unit described above. Because 
activities differ according; to student choice, different classes are 
expected to learn differ^jnl i:hinc;s. What all children are expected to 
learn from USMES chailenges is the process of organizing their thoughts and 
personal and material resource?., and the processes of tracking down Infor- 
mation and learning tne ski lis r-yedecl to accomplish a practical objective. 

USMES is a ;>ui.ipleiiientary pv'oqrc-:ri vjeaving together elementary math, 
science, langua-jc? arts, aid ■:.C'cifl.1 stuaies by posing challenges to a 
class to solve lor.g-rangE problems abcut their ?cnool , neighborhood, or 
classroom. The challenges' are intended to te strongly motivating to 
children by emphasizing children'--: choices, to provide concrete examples 
of abstract concaot^ in math and i-cienco, and to giv«^; children experience 
in the objective, practica' approach needed for real-life decision making. 

The first cha ] leny:;;, v-vr.'i suggested in che report of the 1967 
Cambridge Conference on t.m Correlation of Science and Mathematics in 
the schools. Those ch.'T'eng^-s were developed and added to by professors 
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and teachers who had attended the conference, and in 1970 they became 
the nucleus of a development project funded by the National Science 
Foundation at the Education Development Center (EDC) in Newton, 
Massachusetts. 

The materials for each unit are records of the ways that widely 
varying groups of students responded as they investigated the same 
challenge, and of the skills the> learned. Units include teachers' 
journals detailing ways they adapted challenges to suit class environ- 
ment, interests, and learning needs. Twelve units are available in 1974, 
7 are being classroom tested, and about 10 more ideas are being considered 
for development during 1974-75. In all, developers at EDC plan to com- 
plete 32 units by 1973. 
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BASIC INFORMATION. 



i>i'oav'Mn riiime: Unified Science and Mathematics for Elementary Schools 
(USMES) 

^ot^fat: Independent teaching units integrating mathematics, physical 
science, language arts, and social studies, and posing real-life 
problems (called "challenges") for the class to solve. 

Vriau^ncea: Long-term problems involving the whole class in adult-style 
" research and development; individual students pursue investigative 
and decision-making tasks. 

Cnnt.-^ni: Problem statements or "challenges" involving interdisciplinary 
work in mathematics, science, language arts, and social studies. 
Every class's work is different because it is shaped by the distinct 
interests and needs of the individual school environment. 

9uc7a.^b-^tia us^^t Developers recommend that one-fourth to one-third of 
^ the total school pronram be devoted to work on USMES. Units are 
designed to complement and enrich, not replace, the regular math, 
science, language arts, and social studies curricula. 

■Tavqet auJienc^e: Students of all socioeconomic, cultural, and intellec- 
tual backgrounds in kindercjarten through eighth grade. 

Ler^th of u3'^: Usually 45-60 hours for three to eight months for each 
unit. 

/liij for teachc.':- .i:i..dar,t.; : 

Teacher's Resource Book for each unit-background materials, discus- 
sions of classroom managenent, and descriptions of activities which 
previous classes have undertaken. 

"How To" cards-* short sequencer, of directed-learning task cards for 
students to use when they need a particular skin in order to work 
on a challenge 

The USMES Guule--a program overview for long-range' planning. 

Design Lab-a workshop, provided by the school, where students and 
teachers make the equipment they need for researching and solving 
challenges. 

Design Lab Manjal-describes Lab specifications and place of Lab in 
total school program. 
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Background Papers— background Information for teachers on a variety 
of topics that may arise during the course of a unit. 

Mt.? or publiaation: Twelve units published by EDC in 1974; 17 more in 
testing or development stages. Materials mentioned in this report 
are available from the developer. Interested schools are urged to 
contact the developer before using the units, because USMES should 
be used only in conjunction with workshops designed to introduce 
teachers and administrators to the required teaching approach. 

Direator /Developer: Earle L. Lomon, Professor of Physics, Massachusetts 
Institute of Technology. Education Development Center, 55 Chapel 
St. . Newton, Mass. 02160. 

■^ibliolier: Unified Science and Mathematics for Elementary School Project, 
Education Development Center, 55 Chapel St., Newton, Mass. 02160. 
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BEST COPY AVAILABLE 

1 . GOALS AND KATIONAlE 



1.1 Goals 



iJSMES grew out of resolutions adopted at the 1967 Cambridge Con- 
ference on the Correlation of Science and Mathematics in the Schools, 
a gathering of scientists, mathematicians, and educators believing that 
in our technological society even ordinary citizens need the kind of 
schooling that will result in scientific understanding: not so much 
the mastery of techniques, which rapidly become outjnoded. but the ability 
and habit of thinking through specific problems." 

USMES designers aim to convince students of the usefulness of science 
and mathematics in our society by involving them in research a nd develop- 
ment projects wnich require the use of math, science, social scence. and 
language arts skills. Casting theser academic subjects in practcal 
situations meaningful to c'lildren is done not just to build ski Is more 
efficiently, but more importantly to give practice in responsible, seif- 
detenliined of skills. Decisions which adults have to make require 
the ability to understand a situation--to observe, o^g^'^^ze ^"^^Inniu 
or^Idict. and control. Acquiring these abilit es fnd bein^^^^^^^ to apply 
them thoughtfully are the deeper purposes of the USMES program. 

Earle Lomon. director of the USMES development group, states that 
empha or realllife problems not only draws social J^udies and anguage 

into the math and science learning, but ^^r9,^°Thr? have moor tanJi for 
<;elf-r'>sDect that comes from working on matters that have importance tor 

t 'afSell as for children. Lomon wants e^^if ^J^? J^^.^T^^^^^^ 
chanoing a bit of their society because he believes n this way they will 
gain confidence in the p.^litical process. Lomon explains: 

There are imrjortant subjects-things kids can do some- 
thing about., can act on direaly. This type of experi- 
ence provides theni with actjal political experience. 
It involvps them with odults and with adult problems 
in a way that directly prepares them for being adults 
in this society. . . . We're not putting out kits or 
units of "magic material"; rather we're raising v tal 
probl.jm.^ and trying to find out what kids can do with 
th'-m . . We consider the unit a success only if it 
loads .iiany students to pursue the problems I'ntH some 
considerable progress has been ;nade toward its solution.* 



^ Unless othe l^^ndicated. all quotations are ^':twn ^^om ^aterlals 
ullll by the dRVL-lop^ir or fron conversations with the developer. 
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The program 1s organized to require group work on problems rather 
than Individual Investigations, so that children will get experience 
In planning, working, communicating, and decision making In groups- 
other essential skills for political maturity. 

Since USMES differs from traditional textbook learning, it usually 
requires a change in teaching style. The developers say that they con- 
sider the project's effect on teaching style as important as the develop- 
ment of new units; much of the staff's energy has gone into organizing 
pre- and inset'vice teacher training. Developers anticipate that teachers 
who use USMES will become so adept at working with students on problem- 
solving experiences that they will be able to create their own USMCS- 
type projects. 

1.2 Rationale 

The rationale for teaching children problem solving through math- 
ematics and science grows out of a belief that children learn through 
experience, and that they will learn far more from a real experience 
than from a contrived one. USMES developers see four Important educa- 
tional advantages to basing USMES units on real-life problem-solving 
activities. First, motivation is provided by a student's expectation 
of bringing about a change that will be useful to him and his school. 
He can be proud of his accomplishments, and more importantly, he will 
grow to appreciate the power of applied Intelligence. 

. . .Science and mathematics thinking has [an] immediate 
payoff, especially for the elementary school student. . . 
a 'Chi Id can make his own observations and organize them, 
then make his own predictions and check them. Thus he 
can directly appreciate the power of the scientific style 
of thought. In mathematics, a child can be led to see for 
himself how focus on essential concepts can muke hard 
problens easy and bring seemingly Impossible problems 
within range. . . . This *iioans that science and mathematics 
. . .are ideal vehicles for the primary messaae of our 
educational process: Thinking is worthwhile.' 

Second, high stmdards for a student's work com o'jt of his own 
need for success and correctness in order to attain a goal important 
to him. 

Third, a problem-solving approach requires that the problem (or 
"challenge") be analyzed by the students themselves so that they can 
decide which aspects of the problem they need to Investigate. The 
developers believe that one of the most useful skills -itudents— and 
adults— can learn is where to begin to tackle a problem. 

Finally, problems leading to real projects do not have artificial 
data or requirements, nor are they overly simplified. As they work on 
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real problems, therefore, students are more likely to develop all the 
aspects of good problem solving. The developers have identified these 

as: obeervation, quantifioat ion, oimplifioation of the prdhlem, applying 
judgnent, fomulation and trial of Buaaeeeive models for otiange, aoquiai- 
Hon of needed ekills, and de-j>ilopment of a oritioal faoulty. Unlike 
science and mathematics programs in which each unit centers on one basic 
concept, USMES units are based on problem-solving work that requires the 
student to learn many skills and concepts as he works toward a solution. 

In most instances the student is expected to learn through observing 
the results of his own and classmates' experiences. Students are encour- 
aged to work things out for themselves cooperatively and to learn from 
needs they discover as they proceed toward solutions of the problems. 
Thus the USMES view of discovery learning is in between "guided dis- 
covery," in which everything the student is supposed to discover has 
been planted in the activities ahead of time by the teacher or the 
materials (like a treasure hunt), and "messing about" in which no culmin- 
ating concept or "light-bulb" experience Is required to flow out of the 
random activity. To the extent that students accept a challenge and 
with help from the teacher pursue its solution, developers expect students 
to gain in responsibility for their own learning. They should also 
begin to sense their potential as learners and their own power to affect 
their social environment. 



2. CONTENT AND MATERIALS 



2.1 Content Focus 

All USMES units focus primarily on the processes included in prob- 
lem solving. The learning experience always includes the steps of 

deciding to aeek a solution, evolving a set of plane, carrying out ^ 
epeoifio taeke, analyzing results, and reoormending ahangee or produotng 
new prodnote. 

The USMES units emphasize: 

observing 
data gathering 
hypothesizing 
interviewing 

designing and building test apparatus 
controlling variables 
statistical analysis 

recording data accuV*ately and efficiently 
making and disseminating products 
testing procedures 
writing evaluations 
Improving small -group dynamics 
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In order to pursue these activities, the students must blend concepts, 
skills, and knowledge from mathematics, natural and social science, and 
language arts. Developers caution, however, that the curriculum is 
intended to be supplementary; students cannot learn everything they need 
to know through USMES: 

US4ES, or a similar program, can enrich each subject 
area and therefore can be allotted time normally given 
to each part of the school program. On the other hand, 
it will not fulfill every cognitive and affective need; 
learning is best attained through a mixture of modes 
and strategies. Furthermore, the openness of USMES 
activities implies that other more structured programs 
may be needed to fill in gaps, or teach the more formal 
aspects of the disciplines which are within the cognitive 
range of children in grades 1-8. 

The developers emphasize that an USMES unit takes a different direc- 
tion and shape in every classroom in which it is used— the unit becomes 
unique to that class. However, because the units which are available 
for use in schools have grown out of many classroom experiences with the 
same topic, the developers predict the subjects and skills which students 
can learn as they work on the unit. Each Teacher's Resource Book con- 
tains an index of the activities that may be underta''er\. For instance, 
in the Lunch Line Unit (used successfully in grades 2-o), this index 
includes counting, timing, and graphing activities; organization of 
groups and discussion of tasks; making scale drawings and models; 
studying nutrition; making lunchroom posters and slogans; writing, admin- 
istering, and reporting on questionnaires, interviews, and surveys; dis- 
cussion and presentation of recommended improvements; and trial of recom- 
mended improvements. 

Each of the units integrates aspects of mathematics with social 
science, physical science, and language arts. The unit. Play Area 
Design, for example, might include activities from physics (mass and 
springs, pendulums, friction and stress, centrifugal force); biology and 
ecology (animals and plants to be displaced or included in the new envi- 
ronment, exercise and human health, drainage); mathematics (computation, 
geometry, cost analysis, scale models and mapping); community relations; 
economics; geography; child development; population; land use; and what- 
ever else is needed to develop a local solution to the challenge of 
designing a playground. In general, units contain abundant opportunities 
for mathematical, language arts, social and physical science activities. 
There are fewer opportunities for i-xperiences in the biological sciences 
In the units currently available for classroom use. However, three new 
units now in development (School Zoo, Nature Trails, and Growing Plants) 
emphasize biology. 
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2.2 Content and Organization of the Curriculum 

The curriculum consists of units that are organized around a prob- 
lem (called a "challenge") for students to solve. The twelve units that 
are ready for classroom use are described below. Developers do not 
specify particular grade levels for each of the units. They say that 
teachers should review the units and then decide how to adapt them to 
fit their particular group of students. 

1. Pedeatrian Cvosaings (The challenge is, "Recommend and try to have 
a change made which would improve the safety and convenience of a 
pedestrian crossing near you. school.") 

One of a series of units originally suggested at the 1967 Cambridge 
Conference on the Correlation of Science and Mathematics in the 
Schools. Children collect a great deal of data under different con- 
ditions, make comparisons, draw conclusions, and recommend improve- 
ments. They may decide to design and carry out a field investigation 
to measure the performance of various pedestrian crossings under 
different types of control. 

2. Deeovihing People ("Find out what is the best information to put In 

a description so that a person can be quickly and easily identified. ) 

Student's own concern for self-identification is extended into a 
broader search for a ayatematio way to identify a person by recog- 
nizing certain physical characteristics. For instance, what kinds 
of information are the most efficient for finding one person in a 
crowded lunchroom? Primary classes have been especially interested 
in this problem. 

3. durglar Alam Design ("Build a burglar alarm which will give adequate 
warning.") 

A practical design problem which requires the exploration of many 
different concepts In electricity. Students learn about basic 
circuit components and characteristics from the Elementary Science 
Study (ESS) unit, "Batteries and Bulbs," or by working through the 
USMES "How To" cards including: ''How to Make Simple Electric Cir- 
cuits," "How to Check a Circuit by Tracing the Path of the Electric- 
ity," "How to Make Good Electrical Connections," "How to Find Out 
What Things to Use in an Electric Circuit," and "How to Make a 
Battery Holder and Bulb Socket." 

4. Diae Design ("Construct practical shapes which can be used as dice 
to make a fair decision between two or among four. . .choices. } 

Design activities, primarily in spatial geometry, blended with testing 
activities including probability and statistics. Understanding of 
functions and graphing are needed to solve the problem of whether a 

student-construe ted shape is h ''fair" die. 
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Each Teacher's Resource Book contains descriptions of available 
Background Papers written by USMES staff, consultants, and teachers. 
Teachers use these to understand basic concepts and to organize 
materials as they make decisions about how to proceed with the unit. 
The Background Papers also suggest additional experiences or explain 
in detail activities recommended in the Teacher Logs. Descriptions 
of the following Background Papers are included in the Dice Design 
Resource Book: Fair and Regular Polyhedra, Making Polyhedra, Solids 
Made of Equilateral Triangles, The Five Regular Solids, Semi-regular . 
Solids, Mass Production of Equilateral Triangles and Squares, Thumb- 
tack Experiments (probability). Coin Games (ranges and probability), 
and Geometric Comparison of Ratios. 

5. '.unoh Lime ("Recommend and try to have changes made which would 
improve the service in your lunchroom.") 

Students are motivated by their own daily lunchroom experiences and 
by the possibility of real changes in a school service coming out 
of their efforts. They make detailed observations of the present 
conditions in the lunchroom; then hypothesize and test improvefuents 
in the problem areas (serving arrangements, change-making, garbage 
collection, traffic flow, table arrangement, milk distribution, 
noise, dismissal "chedules, etc.). 

6. Soft Drink Design ("Invent a new soft drink which would be popular 
and produced at a low cost.") 

Students may start with opinion polls to determine favorite '^rlnks, 
or they may conduct blindfold-tasting tests to explore taste factors. 
The information from these factor analyses Is combined In the inven- 
tion of a new soft drink. Aspects of the problem which often arise 
are three-dimensional data representation, random sampling, ecology, 
nutrition, advertising and consumer attitudes, production procedures, 
and market research. 

7. Deaigni^ for Hunan Proi^ortione ("Find a way to design or make 
changes In things that you use or wear so that they will be a good 
fit.") 

Possible class challemjes: "Design chairs which would be comfortable 
for students in your class. Determine how many sizes of Design Lab 
aprons should be made for students in your school for comfort and 
reasonable cost." 

This unit grew out of activities that originated in classes devel- 
oping the Describing People Unit. Students first use their own body 
measurement data to devise a measuring system, Inc uding J set of 
Standard sizes for each age group. Instruments suitable ^o"^ "taking 
different body measurements are designed and constructed in a school 
workshop. 
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Analysis of the data deter, ines how many sizes are needed; considera- 
tion of the trade-off cf ccsl for comfort is an important aspect or 
this decision. In f.ome cl£ .ses this work has led into investigation 
of rate-: of growih. It is hoped thot the students will carry out 
their project:, to the point of actual construction of furniture and 
clothing naking successive i ^^provei;ents and refinements over a 
period of trials. Follow-up .ictivities niignt include studies on 
production Gind Kiarkat ing, origin and conservation of raw mate^-ials, 
hoiue and schco^ des^on, or consumer research on other items. 

8. ..V'-ju-; .- .•;'...>*j.:-...".vi-ri .'iac*. ( "Deter ni-ie which brand of a pro- 

duct is the best buy fcr a cei^tiin puroose.") 

Which tape sticks the best and lasts the longest for the price? 
Which paper towelling is the best for a combination of wiping and 
absorbing? Which pencils should the school buy? Often the work 
begins with investigations of claims mado on TV commercials. The 
balance of quaV'ty p^-ice that is acceptable to the customer is 
tested. Students' exchange ideas about which factors are relevant, 
suitability of ts^ti, tv:c. Socioeconomic questions arise from com- 
parative shopp-^'i;, (ccits ill different neighborhoods, taste prefer- 
ences). Studi^arc may oeciue to design and produce a better product 
Of their own, C 'od'.irn ads and cainmercials. 

9 >>'edio ("".lat will tlie weather he this afternoon. . . 

tomorrow? Find out what -irifor.idtic!, helps you most in accurately 
predicting the v;e:Uiier. ; 

Students -investigatf jeathei conditions and the effect that they 
have on piople's Tv/os. Some students may bu^'ld weather instru- 
ments; others m :.heck jMvc record: or develop ways to record 
current data. Car^f^^t^op of r-bstrvcitions with predictions should 
begin early In the ut.lt. Stuoents iray wish to issue forecasts or 
hold competitions to preairt the weather for a special event. 

10. -Uy '^>"-- ■ ■• -'i --^ {"'V^omenri and try to have changes made 
which would improve iha desicjn or use of your school's play area. ) 

Students tat^'ie propifns of p l..'yo'-Jund i.nprovements or ey.ar-sion. 
Small groui-s n^su.'^^ area «»d equipment, su-vey st'.-ents in the 
school to det^>!;iint^ :t .jrcLip nytis, visit othf. pla: areas, make 
scalf* drawims con-^t- uct niudeis, and investigace t.;e financial 
aspects of th*- problan, After the problem has been fully investi- 
gated, recori>nendat1o;»s arc rr.ade the '>:hool administration; if 
possible, act'jdl impruvaMients ar- inide in the play area. 

11 T^xi ' ■ '"He-G^i'iiend anc! try to h.;v-j a new road design or a 
sysVen; for rei'Outin.j traffi., .ccgptod so that cars and trucks can 
move safely bt a . i-.r-onai'le >peed tnrojgii a busy intersection near 
your schoul . " ) 
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students Investigate traffic patterns at a nearby Intersection 
After determining factors such as speed of cars, adherence to 
traffic regulations* and length of entrance and exit lanes, the 
students design a new system, taking Into account safety, cost, 
and minimum use of land. 

12. EleatroriJig^xeiic Jevtje Design ("Design a good electromagnet for a 
specific purpose.") 

Frequently this unit Is used in conjunction with the Burglar Alarm 
Unit since an electromagnet Is a way for students to make a signal 
operate In a second circuit when the first circuit Is broken. During 
the unit children Investigate the variables affecting the strength 
of the electromagnet as they search for a way to build a strong or 
lightweight electromagnet. 

The following seven units underwent classroom development durlna 
1973-74. During the 1974-75 school year they will undergo trial Imple- 
mentation. 

1. Bicycle Transportation: While attempting to make cycling a conve- 
nient and safe way to travel, students investigate safe routes or 
plan new ones, set un a safety course, or develop security arrange- 
ments for bicycle parking. 

2. Waya to Learn: Students Investigate Individual variables In rates 
and styles of learning. 

3. claaBroom Design: Students determine what factors In their class- 
room environment are conducive or detrimental to learning and recom- 
mend changes to the teacher and school administrators. 

4. :4arMfaoturing: Students wre.tle with decisions any small scale 
entrepreneur might face: what to produce, what method Is best, 
how cost should be determined, and how the item should be marketed. 
Students might consider candles, skate scooters, electric games, 
bookends, etc. 

5. Sahool Zoo: Students keep records, make cages, measure food and 
water consumption, etc., for classroom pets. 

6. Orientation: How can students make the transition to a new school 
or community easier for a newcomer? Children conduct surveys to 
discover what ;jroblems exist, collect Information newcomers may 
need, and provide services to help new arrivals. 

7. Advertising: Students Investigate the best ways to advertise a pro- 
duct or Idea and conduct surveys and experiments to determine the 
effectiveness of the different approaches. Students might launch 
an advertising campaign In conjunction with another USMES unit (for 
example. Manufacturing or Soft Drink Design). 
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Ten additional topics J^^jtgn Lib Dea^'^Ht Findinj Yoia^ Way, Ma^a 
a^JUt iV'i^iti'.- T'-'J, :■>'■• 'v'j, 'It'^-tJ-i-yi; rlrnte, Ga'ntS fov Indoor i\cc 'B8t 

plus <''^hool 3uppUe3/Si^fu.ot Jcjr-r are being considered for development 
during the 1974-75 school year. Those units which are adopted will be 
field tested in 1975-76. 

2.3 Materials Provided 

Student . The project director has commented: 

We're not putting out kits or units of magic materials; 
rather we're raising problems and trying to find out 
what kids can really do. It's very important that the 
curriculum be open in how the kids actually follow 
their am lead, anJ we give th&n no equipment kits, 
just a Design Lab that is a general shop plus some 
measuring and testing equipment and the 'How To" cards 
to help when they get stuck. Our purpose is to keep 
the learning environ«nent really their own. 

"ihj ry cards are short sets of instructions to help students 
solve problems that may arise during the course of a unit; they are 
the only written materials which USHES nas developed for students. 
USMES staff cautions that the cards should not be used as a sequence 
or set of programmed "task" cards; they should not be introduced at the 
start of the unit or outside the context of the student's ooen investi- 
gation of a practical problem. Earle Lomon points out that the cards 
are --^ot for use to motivate bored children ("Why don't you try this?"), 
but only when a child ^ske for them ("I'in stuck, and I need to know 
'how to' . . . ."). 

Teacher. USMES teacher materials consist of the USMES Guide, 
Teacher's Resource Books, j Design Lab Manual, and Background Papers. 

t/ v;.v. JiiCdc is an overview of the program; developers suggest 
that it be used for lony-ran^e USMES-centered curriculum planning. To 
relate USMES units to elements of the regular classroom curriculum, 
developers have prepared charts which delineate major activities In 
L5MES units and show ski lis, processes, and concepts which are emphasized 
•n the unils. The Guide also contains basic information about each of 
the un'ts, the Design Lab, a list of "How To" cards, and an annotated 
list ot the available Background Papers. 

Every USMES unit has its own Tai^h'ty'n ^eonur^e Book which contains 
all the materials needed for bey inning a class project on the challenge 
cosed by the unit. Two three logs are included, made by teachers whose 
classes pursued the challenge. These logs are anecdotal, detailed, 
journal-like descriptions of a class's work on the unit. All the activi- 
ties undertaken are d^^crlbed, including student work, teacher prepara- 
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tlon and suggestions, and problems which aros«. Many actual examples 
of student work are Included. The logs are : e heart of the USMES 
materials. For those unable to attend a teacher's workshop or visit an 
USMES classroom, reading the logs Is the best way to understand the 
flavor and scope of the program. Teacher Resource Books also contain 
a description of USMES philosophy and approach. Information about the 
unit, references to materials relevant to the unit, and charts which 
indicate the skills, concepts, and processes that students have learned 
and practiced in USMES. 

The Deaign Lab Manual includes information about cost, scheduling, 
safety, staffing, training, and an inventory of tools and supplies for a 
classroom or school workshop in which children can make equipment to 
pursue their challenge. 

The Haokgpound Papers provide information for teachers on a variety 
cf topics that might arise during the course of an USMES unit. Some of 
the Papers available in connection with one unit. Pedestrian Crossings, 
are: "Traffic Flow at Pedestrian Crossings," "Notes on the Use of 
Histograms for Pedestrian Crossings Problem." "Notes on Data Handling, 
and "Using Scatter Graphs to Spot Trends." 

2.4 Materials Not Provided 

Design Lab . The Design Lab may take many forms; it may be a corner 
of a classroom, a movable cart, or a separate classroom containing tools 
and ma cer ials used for constri:tion and testing. Developers describe 
the Lab as a place where "A student is free to build his own apparatus 
according to his own theories, making whatever mistakes he is bound to 
make, and benefiting from tLuse mistakes, thereby arriving at Improved 
designs." 

Although some USMES activities can be conducted successfully with- 
out a Design Lab. a comprehensive program requires one. Cost and 
staffing of the Design Lab (both borne by the school) are discussed in 
Section 4. A complete Inventory of suggested tools and supplies can be 
found in the Design Lab Manual and in the USMES Gaioe. All are available 
from department, hardware, electronic, stationery stores, and lumber yards. 



3. CLASSROOM ACTION 



3.1 Tparhinq .Learninq Strategy 

USMES requires an active-learning approach; the student gains 
Information and skills through a wide variety of activit es which he 
chooses to do in order to solve the long-range. practical Problems posed 
by USMES units. The teacher suggests, coordinates, and extends these 
activities for individual students, for small groups, and for the class 
as a whole. 
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USMES is Intended to be a supplementary curriculum; student;, are 
not expected to cover certain subject matter in a specified amoi.nt of 
time. Developers suggest that USMES sessions be held at least 2 or 3 
times a week for a tutdl of 45-60 hours over a 3- to 8-tr.onth perioc! 
Hov/ever, some classes may spend an entire yp'-'.r on one unit. Because 
there are no set deadlines for completion of a unit, taachers can afford 
to let students make mistakes. This freedom to make mistakes allows 
students to fully investigate a problem and to learn through trial of 
various solutions. Developers assume that teachers will cover skills 
and concepts not learned through USMES during other parts of the day. 

T'.ie specific learning experiences which occur as a class works on 
a unit will obviously differ from student to student a^d class to cUss. 
The Te.^cher's Resource Book offers suggestions on several ways to 
approach a single unit as well as detailed Teacher Logs describing how 
different classes pursued challenges. The flow chart on the following 
page suggest'- some activities which might take place in the classroom. 

Obviously, USMES activities require that the teacher be skillful 
in classroom management. USMES publications describe these additional 
teacher responsibilities: 

1. Introduce the challeme in a meaningful way that not 
only allows the children to relate it to their particular 
situation but also opens up general avenues of approach. 

2. Act as a coordinator and collaborator. Assist, not direct, 
individuals or groups of students as they investigate 
different aspects of the problem. 

3. Hold USMES sessions at least two or three times a week so 
that the children have a chdijce to become involved in the 
cnallenge and arr:/ out in-depth investigations. 

4. Provide the tool*? and suppnos lecessary for initial hands- 
on work in the classroom or make arrangements for the 
children to work in the Design Lab. 

5. Be patient in letting the children make their own mistakes 
and find their own way. Offer assistance or point out 
sources of help for specific information, such as the "How 
To" cards, only v/hen a child reacher the point of frustra- 
tion in his approach to the problem. 

6. Provide frequent opportunities for group reports and 
student exchanges of ideas in class discussions. In most 
cases, students will, by their critical examination of 
procedures, improve or set new directions in their 
investiqcitions. 
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3. aOW CHART 



Vedestrlan Crossings 



Ch«lleng«: Recommend and try to have a change made which would Improv* th« 
■ safety and convenience of a pedestrian crossing near your school. 



Main 

Activities: 



Class Discussion ; Are nearby crossings safe? Do you have 
to wait too long? Are traffic controls needed? 

\f 

Observation of controlled & uncontrolled 
pedestrian crossings. 

Class Discussion ; Report on observations: list hazards, 
controls. Measurements needed to^study possible improvements. 

Design & construction f Classroom simulation of 



of measuring instr^ents' 



^ measurijrig activities 



Collection of data at inteisections. 

speed of cars 
(distance, time). 



'i' 

Timing Counting 

(cror.sing timeo, (rate of flow 

gap irimes). ot traffic) 

ClflsB Discussion : Conclusions that can ue drawn irom 
measurements, graphs, accuracy of data, corralation of 
data, new data needed. Recommendation for contro.. 

/ I I V 

Preparation of , Collection of new Construction of °' 

srti«""^*"i *t»Hic'^«?r.is. larvui-*:" 

* I etc. 

grams 



i 



ClasB Diacusaion : Final recommendation(8) for improvement. 
Plans for class report on findings. 



Tryout of suggested improvement. 

I 

Optional USMES unit: 

Follow-up Traffic Flo w. 

Activities t 



Report writing^ 



Alternative trans- 
portation methods, 
city economics. 



"^tudy of costs 
of controls 
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7. If necessary, ask appropriate questions to stimulate the 
student's thinking so that he will increase the depth of 
his investigations or analysis of data. 

During the teacher's informal conversations with students, she 
identifies the inadequacies in experience and concept that are hampering 
progress and suggests an activity leading to needed skills, facts, or 
Ideas. Through observation, listening, and questioning, she assesses? 
the student's absorption of the work into his total experience. US. LS 
requires teachers with belief and experience in this manner of working 
with children. 

Although students may spend most of their time working individually 
or in pairs or small groups, the fa-- that the whole class is engaged 
in working together on the same unit makes it necessary for them to plan 
together, to discuss what they're finding, and to take into account and 
learn from each other's experience. USMES encourages students to teach 
and help one another. The student is also seen as a self-teacher because 
at each step he is encouraged to decide what work he wants to do and 
to carry it out himself with the support of his classmates, his teacher, 
and the Design Lab coordinator. 

3.2 Typical Work on a Unit 

Following is a description of student activities, many of which are 
represented on the flow chart in the preceding section. 

Challenge: RecoiT«n- J and try to have a change made which 
would improve the safety and convenience of a 
pedestrian crossing near your school. 

One sixth grade teacher initiated this unit witl. a discussion of 
routes students took to get to school, and what problems they had 
crossing streets. Singling out a nearby crossing that did not nave a 
signal light, the class came up with factors which made crossing diffi- 
cult. With the goal of determining how to make the crossing safe, the 
entire diss Initially visited the crossing and made maps of the inter- 
section. Then, one group spent about three weeks making a scale model 
of the area. In order to accomplish this they used information from 
"How To" cards on scaling, measured the crossing, drew a blueprint, and^ 
finally made the model in the Design Lab from Tri-wall and papier mache, 
(Individual children next decided to make their own models. The group 
that made the original model taught other students scaling procedures. 
These students used the information to build small reproductions of 
the original model.) 

During the model-building, four small groups were going to the 
intersection once a day for about 45 minutes to measure gap times 
between cars travpHng through the intersection. Two groups recorded 
information on cars going in one direction, two groups did the same for 
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cars traveling the other way. After subtracting arrival times to get 
aap times, students tallied up times, and made bar graphs. The four 
groups then reported to the class that 70 percent of the gap times were 
less than five seconds. This information led them to realize that the 
crossing could be considered safe only if it took people less than five 
seconds to cross. The four groups next timed students as they crossed 
and discovered that the average crossing time was eight and one-third 
seconds. Another group timed the signal light at another nearby inter- 
section to determine the amount of time allowed for crossing. 

While at the intersection^ children discovered that many rars did 
not signal before turning. Another group was formed to record the number 
of cars that signaled compared to the number that did not. Data collected 
over a five-day period showed that 41 percent of the cars did not signal. 
The children drew and held "Please use your blinkers" signs at the inter- 
section and reported to the class that their three-day investigation 
showed that 95 percent of the drivers signaled when, the signs were held. 
A school safety officer was invited to attend a class presentation in 
which students used graphs, maps, and the scale model to present their 
findings and recommendations. 

For the next several months the class continued working on the unit. 
Th<»y wrote letters to the state traffic department, constructed traffic 
lights, made trundle wheels, compared crossing times at four different 
places, and made a video tape and scale models of first graders and cars 
as a part of a traffic safety program they developed for primary students. 
As a final project the students investigated school driveway and parking 
area problems and made recommendations to the principal. 

3.3 Evaluation of Students 

The evaluation of students working on an USMES unit is done by the 
teacher. The developers give no specific guidelines for evaluation 
because they believe that the work in each class will be different, that 
what each student will learn from his work will be different, and that 
each teacher should be free to approach the work in any way that w 11 
be beneficial to the students. As the teacher diagnoses what ski s and 
in ^rmation a child needs to proceed with what he wants to accomplish, 
she is evaluating as well. As she helps students prepare reports she 
v/ill recognize what they have and have not learned. 

Teacher Resource Books for each unit contain examples of the 
developer's conception of good class work and lists of concepts and skills 
used in each major activity; additional charts relate activities to 
subject matter. Although developers emphasize that each student and 
class will pursue each unit In a different manner, these charts can be 
used as general checklists to aid the teacher in student evaluat on. 
The students themselves become evaiuators of their own progress In this 
program; they decide what they need to learn in order to accomplish a 
specific goal, and if they do not l^arn it, they are unable to proceed. 
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3.4 Qut-of-Class Preparation 

Prior to beyinniiiq a unit the teucher- must read the material which 
the developers provide. These include a Teacher's Resource Book, "How 
To" cards, the USMES Guide, and Background Papers. She must consider 
how her own class will approach the challenge, what skills they will 
need to develop, the local ractors which will affect the solutions 
children try, etc. Also sne must work out with the Design Lab manager 
the procedures and likely materials her students will need in the 
following months. 

3 . 5 Role of Othe r Classroom Personnel 

No assistant teachers or aides are required for the classroom man- 
agement of an USMlS unit, but they might be very helpful. The Design 
Lab manager (who might be the classroom teacher, another school or 
district staff member, or a community volunteer) is very important 
person in the successful use of an USMES unit. His or her role is 
essentially that of a tt^acher; he must help students figure out (not 
tell them) what materials and equipment they will need. Students may 
need a variety of things, including measuring equipment (for example, 
trundle wheels for measuring crosswalks), or ways to represent data 
(making scale models), or devices to construct (various PO'y"ef',':j.;°'' 
the Dice Design Unit). The Design Lab manager must share the USMES 
learning philosophy and must be especially sensitive to helping students 
learn to be responsible for tneir own learning. The USMES Guide explains 
the manager's role: 

The Design Lab manager or teacher provides an open 
atmosphere for the st!.<d^::nt5. They are not forced 
into preconceived avenues of endeavcr, which might 
preclude the exploration of their own ideas. Experi- 
ence in the Design Lab should be rewarding and mean- 
-ingfui to the student and help him learn to be inven- 
tive, to be scientifically curious, and to work with 
others. 



4. IMPLEMENTATION: REQUIREMENTS AND COSTS 



4.1 School rac Hities and Ari-dn gements 

Because USMES integrates many subject areas and because it requires 
an active-learning approach, it demands a greater change in the school 
environment than a more traditional program would - 

. . -.it is not the relatively simple matter' of taking 
out an old curriculum in one or more subject areas 
and replacing it with USMFS. Rather, there is a need 
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to rethink the whole program, deciding how to combine 
USMES with other curricula to enhance the effective- 
ness of all components. . . .The payoff can, however, 
be very large; instead of merely improving pieces of 
the curriculum, there is the opportunity to fundamentally 
alter and improve the educational system. . . . 

USMES may be used In a variety of classroom arrangements. While 
it is suitable for traditionally graded, self-contained classrooms or 
homogeneous grouping, it Is also an excellent supplementary or "core" 
curriculum for nongraded* individualized groups, for "family" or 
"vertical" classes, or for other forms of flexible and heterogeneous group 
ings. Because each challenge contains niany different aspects, which 
can be approached on different levels, the terms of a single challenge 
can be made suitable for children of different preparation and ages. 

While specific scheduling is left up to the Individual teacher or 
school, the developers recommend that about one-fourth to one-third of 
the total schOL program be devoted to work on USMES. Each challenge 
is designed to represent from 45 to 60 hours over a 3- to 8-month period. 
Teachers may choose to have students work on a single challenge before 
•noving to a new one or on a number of related challenges at one time. 

Full Implementation of USMES requires installation of a Design Lab 
(see Section 2.4). The Lab may occupy one corner of a classroom, be a 
movable cart, or a full-scale shop in a separate classroom. Optimally, 
a full- or half-time staff person or volunteer is useful to operate the 
Lab, but It can be handled by the regular classroom teacher. 

For some of the units (for example. Pedestrian Crossings, Traffic 
Interchsnge, Play Area Design, and Weather Prediction), students need 
to gather data out-of-doors or ofi school grounds. Adequate provisions 
must be made for safety, supervision, and transportation. 

Because USMES differs from traditionil programs, it is difficult 
for one teacher to implement alone; administrative support is almost 
always necessary. Developers note: 

. . .except in rare cases the teacher still needs the 
support of the administration. This is especially 
important in US^5E5 because the activities cf students 
range beyond the classroom and need to be coordinated 
from grade to grade. 

Although many teachers with sufficient classroom 
autonomy have very successfully used USMES when no 
one else in the school was involved, the cooperation 
of the principal and district administrators is needed 
to have an USMES program broadly implemented in a 
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school or a district. The principal is the key element 
in reas'iuring teachers that USMES is an integral part 
of the school program and can be used on an everyday 
basis. He is responsible for providing space for a 
Design Lab and arranging for its management. Arrange- 
ments among teachers and aides to logistical ly support 
the activities of the students in and out of the class- 
room and Design Lab need h^s approval and possibly his 
initiative. Laying out a coordinated long-range program 
for the introduction of USMES at all grade levels needs 
the kind of planning and information handling that the 
principal is in the best position to provide. 

4.2 Student Prerequisites 

Developers say that "a sufficient background for USMES units is 
fiuch less than that required in the more traditional educational context 
in which the student is expected to proceed rapidly along a predetermined 
route. . .the [USMES] student may. . .acquire the skills and concepts 
when needed in his search for some solution to the problem." The 
following is a list of prerequisite skills which appears in the Teacher's 
Resource Book for the Pedestrian Crossings unit. 

1. Students who can count can make a start on the quantita- 
tive aspects of the unit. Graphing skills may be learned 
as the need for them arises. 

2. Measurement skills may be learned as each new activity 
is begun, and improved when additional or new data 
are required. 

3. An ability to divide by small one-digit numbers is 
sufficient for making calculations for scale diagrams. 
Young children can convert their measurements to 
"blocks" on graph paper. 

4. Sets of data can be compared graphically and by sub- 
tracting medians (halfway values) and ranges; the 
calculation of averages is not necessary. 

USMES activities are designed to help children learn and practice 
greater self -direction. However, in classes where students do not 
already possess some self-control, or where teachers do not have experi- 
ence engaging students in open-education type activities, organizing 
students for USMES activities may be difficult. 

4 . 3 T eacher Prerequisites 

Providing an environment where students can explore and seek their 
own solutions to relevant problems may be a big order for most teachers. 
USMES developers, realizing that their program demands a change in both 
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teacher and student behavior, suggest that teachers attend a workshop 
before implementing the program. USMES developers offer summer "Resource 
Personnel Workshops" to train district personnel, who in turn train 
local teachers in USMES implementation. Participating districts must 
agree to provide release time for teacher training and meetings during 
the year, design Lab space, materials, and staff. USMES furnishes a 
^complete set of written materials; audio recordings and slides are 
available on a rental or purchase basis. Districts differ in the ways 
that they choose to train teachers and to Implement the program; inser- 
vice course length varies from several weeks to a semester. District 
personnel are trained to conduct workshops aimed at giving teachers both 
experience working with units and an understanding of the teacher's role 
in USMES. During the courses, teachers work on adult challenges such 
as designing ways to Improve the teachers' lounge, auditorium, or office. 
The workshop staff models the teacher's role in USMES, while teachers 
e<perience for themselves the ways tneir students will approach unit 
activities. Although a short period of time is spent discussing USMES 
mode of teaching and learning, participants are expected to gain this 
understanding through their work on the adult challenge or, whenever 
possible, through working with children on small segments of several 
USMES units. 

Teachers who trial -test USMES units attend 8-10 workshops taught 
by USMES staff. Travel and subsistence expenses for participants who 
attend more than one workshop are covered by the project. In addition, 
trial -test teachers are given a complete set of written materials and 
a 25-dollar petty cash fund for materials not found In the Design Lab. 
Teachers are required to try out the challencjns in their school to agree 
to have observers visit their class, and to write reports on their 
students' work. School administrators are required to permit teachers 
to spend at least three hours a week on USMES and to provide a Design 
Lab. 

USMES preservice courses have been offered since 1971; Inservlce 
courses sirce 1972. Up to the spring of 1974 nearly 20 colleges, 
scattered around the United States, had offered USMES-related courses. 
Developers point out that the number of colleges offering USMES courses 
is constantly increasing; an additional 26 institutions have submitted 
proposals to NSF, requesting consideration for USMES iniplementation 
funding. 

4.4 Background and Training o^ Other Class rooiTi Petispjinej 

The Design Lab manager must be able to plan with the USMES teachers 
so that the Lab Is stocked with materials appropriate to the units 
being used and so that the Ideas the students explore In the Lab are 
fully Integrated with classroom work. He or she needs to have a sound 
knowledge of mechanics, carpentry, and design and an Imaginative, 
problem-solving approach to setting up and running the Lab. Essentially 
the Lab manager is a coordinator who organizes and facilitates students 
activities. 
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USMES recommends that Lab managers participate 1n a five-day 
training workshop held concurrently with a workshop for teachers. How- 
ever, because managers are often not appointed until after the school 
year begins, they may be unable to attend summer workshops. Developers 
therefore suggest that teachers be trained as Design Lab managers so 
that they will be able either to handle the Lab themselves or to train 
others, either district personnel or community volunteers, to do this 
Important job. 
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Many different arrangements have been made for providing materials 
and staff in USMES Design Labs. Some districts have small workshop 
areas In each classroom; others have set aside a separate room. Since 
some USMES activities can be successfully completed without a Lab, some 
teachers have begun the program using only classroom facilities and 
materials. Labs have been run with no budget; tools were donated and 
the materials scrounged. Some have been funded from federal aid pro- 
grams, or privately funded by local citizen gtoups or merchants. Lab 
managers hav^ Included assistant superintendents, vice-principals, 
parents, janitors, science specialists, or retired people who were 
hired by the school district. In some schools volunteers— usual 1y 
retired men, parents, and community workers— manage the Lab. 

Thus, cost of the Design Lab will differ from school to school. 
USMES developers say that In the first year of operation, the Lab usually 
costs between $850 and $1,000. The cost of replacement of consumable 
supplies usually runs $200-$300 for each succeeding year. When teachers 
or volunteers do not serve as Lab manager, the salary of a half-to-full- 
time manager must be budgeted. 

4.6 Demonstration Schools 

Persons Interested In seeing schools where USMES Is being used 
should contact Christopher Hale at Unified Science and Mathematics for 
Elementary Schools Project, Education Development Center, 55 Chapel St., 
Newton, Mass. 02160. (617) 969-7100. 

There are demonstration and field test sites In: 

California: Carmel , Ca. 



Los Gatos, Ca. 
Marina, Ca. 
Monterey, Ca. 



Colorado: 



Boulder, Colo. 



Georgia: 



Athens, Ga. 



Illinois: 



Chicago, 111. 
Urbana, 111. 



Iowa: 



Iowa City, Iowa 



Massachusetts: 



Arlington, Mass. 
Boston, Mass. 



Lexington, Mass. 
Watertown, Mass. 
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Michigan: 



East Lansing, Mich. 
Eaton Rapids, Mich. 



Howel I , Mich. 
Okeiiius, Mich. 
Lansing, Mich. 



Minnesota: 



Minneapolis, Minn. 
Owdtonna, Minn. 



New Hampshire: 



Durham, N.H. 
Epsoin, N.H. 



New Jersey: 



Plainfield, N.J. 



Soutn Carolina: 



Charleston, S.C. 



District of 
Columbia: 



Washington, D.C. 



4.7 Community Relations 

Because USMES challenges involve work toward practical solutions 
to real problems, students often have active contact with the outside 
community. Usually this happens when tney write letters or ask informed 
persons for information or techniques they need to collect and/or assess 
data. In every case, the response from communities has been favorable, 
even eager. Parents and neighbors have been approving and interested In 
their children's attempts to solve traffic safety problems, to conduct 
consumer research, and to design their own tools and equipment. Many 
schools have had parents and neighbors volunteer time, skills, and 
materials to classrooms using USMES. The teacher and principal using 
USMES materials must help children develop tact and awareness of the 
way decisions in the school and community are made, as they present 
their solutions and requests to the people empowered to carry them out. 

The developers have prepared materials for school or district pre- 
sentations to community groups and parents. Meeting logs explain how 
these groups have participated in short experiences to acquaint them 
with USMES. 



5.1 Program Developmen t 

At the 1967 Cambridge Conference on the Correlation of Science and 
Mathematics in the Schools a group of 30 scientists and mathematicians 
defined educational goals and discussed the implementation of an inte- 
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grated mathematics, science, and social studies cu.Ticuluin for elementary 
school students. USMES qrew directly froni suggestions recorded in the 
report of the conference: -^--o j^.^ -yn-c Joi-i'^laiioy^ of El^r^enPxi'y Science 
u.nd :-!atHe.%2tij^ (Houghton Mifflin Company, Boston, Mass., 1969). In a 
series of meetings over the next two years several people who had attended 
the conference or wore stimulated by its report sharpened the USMES phi- 
losophy and goals and planned the activities to be undertaken in the 
first 18 months of development. They added appendices to the "idea" 
material of the Goals report and tried out so;iie of the ideas in a few 
classrooms. Their proposal was backed by EDC, and in January 1970 it 
was funded by the National Science Foundation. 

USMES staff members carry out the directives of a group of more 
than 30 advisors; 19 of these advisors form a planning committee which 
meets two or three times a year. Suggestions from the 1967 conference 
end from planning committee meetings, or those made by teachers and 
students, may become the basis for new units. Usually the suggestion 
is in the form of a general challenge (for example: "Design, or re- 
design, a playground for your school.") that includes both general ques- 
tions ("Where? Cost? Nunber of users? Ten years from now?") and specific 
questions ("What equipniGnt? Location of objects? Use by age level? 
Effect on aniiiidl and plant ecology of the area?"). Carle Lomon commented 
on this process: 

We, as a staff, or the Planning Committee come up with 
lots of ideas (for example, land use for parking, loca- 
tion of ne'v schools in the community, prevention of 
molds, water pollution), but for an idea to be considered 
at all it must contain a strong challenge, and students 
in the development classrooms must find it exciting and 
imoortant to work on. Aiso, it must contain opportuni- 
ties for a large variety of research activities. 

The proposed challenge is explored by teachers, students, and USMES 
staff and consultants at a two-week summer workshop. Then trial-test 
teachers develop the challenge with students in their own classrooms 
during the following school year. These teachers write reports and 
keep logs of each class meeting. A paid observer also attends the 
class frequently and takes notes. An USMES consultant may work in the 
classroom from time to time. The following summer, or in some cases, 
after two years of trial, the unit is tentatively adopted or dropped on 
the basis of its success in at least ten classrooms of varied socioeconomic 
backgrounds and locations. If a unit is tentatively adopted, a complete 
Teacher's Resource Book, primarily made up of class notes from teachers 
and students who have been working with the unit, is compiled. Sets of 
"How To" cardb are written as they are needed during classroom trials 
and fire revised whenever the content or wording is found to be unsatis- 
factory. Some students have enjoyed t^ditin'j their own sets of cards 
for specific needs that came up during their work. Development of this 
kind has taken place with teachers and students in schools throughout 
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the United States. A new unit is then field tested and evaluated during 
use by a new set of teachers during the next school year. Constant 
re-evaluation and direction comes froip the planning committee meetings. 

Twelve units have been completed and are available for clabsrooni 
use. An additional 7 units underwent classroom development during 1973- 
74; 10 more are being considered for development during 1974-75. In all, 
the developers plan to complete 32 units by 1978. 

t< . 2 Developer's Lvaluation 

Developers and many users of US^^ES are convinced that students 
learn more from the USMES style curriculum than they would from a more 
traditional one. Their contention, however, is difficult to prove. An 
USMES evaluator notes, "It is very jlifficult tc find evaluation instru- 
ments that really da justice to th^ type of things that children learn 
in USMES. Everyone involved in open education is struggling with what 
type of program evaluation to use." Since 1971 USMES evaluators have 
attempted to '^nd solutions— tests and observation instruments that will 
effectively measure student gains. To date, the evaluation has been 
done in three parts: achievement tests, problem-solving tests, and 
classroom observation. Two sub- tests of the Stanford Auhievemcnt Teeta 
c-f Avithnettsul .\:mfuntiori and Raiding Compvehension (paragraph meaning) 
are giyen students in experimental and control classrooms. The purpose 
of giving these tests is to show that the students spending time working 
on USMES gain as much in mathematics and reading as students involved 
In more traditional modes of instruction. 

Two Boston University professors, Bernard Shapiro and Mary Shann, 
working with University personnel, have come up with three pvoblem- 
.! Ivinq teste. In the Notebook Problem Test, Individual children are 
asked to decide which of three notebooks the school principal should 
order for student use. A group of five students is challenged to design 
a playground on an open piece of land in the Play Area Design Problem. 
The Picnic Test is a third test which asks students to make plans for a 
class outing. 

The Boston University evaluators have also devised a classroom 
■^bacrjiticH aoalc to record the type of activities taking place in USMES 
and control classrooms. Tneir findings help to shed light on different 
organizational patterns and Interactions which might evolve because of 
USMES. 

In addition to these evaluation Instruments, there is progran moni- 
toring by observers who are present in classrooms in which a unit is 
being developed (during the first year) or field tested (during the 
second year). Too, evaluators interview a sampling of teachers, prin- 
cipals, administrators, and resource team leaders in participating 
districts. Finally, teachers involved in program development are paid 
to fill out a report on each class session devoted to USMES work and a 
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monthly report on the overall activities related to the unit. The 
Teacher Logs Included in the Teacher's Rftsource Book for each unit are 
compiled from these various reports. Developers use Information from 
thes;. observations and interviews to revise the units and teacher- 
training strategies. 

5.3 Evaluation Results 

What have Boston University's studies shown? Do USMES students 
perform better on achievement tests than non-USMES students? Are they 
more creative problem solvers? Do they interact differently with other 
students and the teacher in classroom situations? 

Data gathered from Stanford Achievonent Teata of Arithnetioal Com- 
putation and Reudiruj Compreheneior. administered to students In 23 experi- 
mental and 23 control classrooms during the 1972-73 school year indicate, 
"There was no consistent evidence that exposure to USMES either facilitated 
or impeded growth in the basic skills of reading and arithmetic; comparison 
of USMES with non-USMES samples yielded no strong trend in favor of either 
group." Developers explain that these findings Illustrate that students 
are able to learn the probler: solving process while absorbing basic facts, 
skills, and concepts of math and reading as quickly as students who are 
not involved in USMES. They caution, however » that the results are not 
conclusive because of the small sample size. Additional data were collected 
during the 1973-74 school year, but have not yet been analyzed. 

' USMES developers are also encouraged by the results of the Notebook 
Problem Test. 

Children were asked to examine three different spiral - 
oound notebooks (differing in dimension, number of 
pages, quality of paper, number of lines per page, 
price, and so on) and recommend which should be ordered 
in quantity for student use. Normal classroom tools 
such as pencils, pens, rulers, and erasers were made 
available to the children to use during their investiga- 
tion. In the pretest there were no discernible differences 
between the USMES and the control classes on the two 
dimensions analyzed: a) whether rny of the reasons given 
for the choice was based on factors that were measurable 
within the test situation, and b) whether the choice 
was based on personal opinion, a suggested test, or a 
performed test. In the posttest however, every USMES 
class altered its scores to reflect a) predominantly 
quantifiable reasons for the choice, and b) higher 
levels of proof involving suggested or performed tests. 

One USMES staff member commented that "there were all sorts of problems 
with the methodology," and one would anticipate difficulties In measuring 
USMES problem- solving type learning; but the results are nevertheless 
impressive because they overwhelmingly favor the USMES group. 
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The evaluators came up with some interesting findings concerning 
students' behavior in USMES classes compared to non-USMES classes. These 
findings are based on data collected di;ring the 1972-73 school year by 
trained observers using a Lipecially designed interaction scale. A 
summary of their r.onclusiors from the USMES Guide states: 

In general, USMUS classes were found to bf- involved in 
i-'hola group activities as often as the control classes, 
but students in USMES classes were much more likely to 
be involved in small group work while students in the 
control classes were more likely to be working individu- 
ally. There was also some evidence that USMES classes 
changed structure (e.g., whole group work to small group 
work to whuld group) more or ten during the one hour 
observation period than the control classes. While both 
the USMES and the control classes utilized large group 
instruction to much the same extent, the kinds of inter- 
actions differed from the two kinds of classes. Students 
in the USMES classes contributed new ideas much more 
often than students in control classes. On the other 
hand, student verbalizations in control classes took the 
form of answers to specific questions posed by the teacher 
or random comments much more often than in USMES classes. 
In addition, there was somewhat more debating and arguing 
points in USMES classes. There were no clear-cut 
differences between USMES and control classes on the 
number of times students reiterated ideas or made pre- 
sentations to the whole class. When the classes were 
involved in small group work, the USMES classes were 
characterized by much more child-child interaction 
while the control classes were characterized by much more 
child-teacher interaction. 

Teacher's Logs, anecdotal summaries of teachers' experiences with 
USMES. are included in the unit materials. These logs are a valuable 
resource for those who wisfi to conduct their own subjective evaluation 
of USMES. 

5 . 4 Independent Analyses of the Program 

Developers are un^^were of any independent analys^^s of the program. 
However, several portlcipating districts ara currently discussing ways 
to Include an assessment of the effect of USMf^S on student learning in 
their ongoing evaluation programs. USMES staff may aid in these efforts. 

5.5 Project Funding 

The Nf'tional Science foundation has funded the entire USMES program. 
USMES is a working project of Education Development Center, Newton, 
Massachusetts. The dovelopers expect to continuo development of USMES 



219 



units under NSF funding through 1978. Where USMES workshops have been 
held in connection with preservice courses (as at California State 
College in Bakersfield) or inservice courses (as in the Lansing, 
Michigan, School District) part or most of the cost has been the responsi- 
bility of the college or school district involved. 

5.6 Project Staff 

Project Director, Earle Lomon, professor of physics, Massachusetts 
Institute of Technology. Other key personnel include: Christopher Hale, 
Project Manager; Betty Beck, Associate Director for Development; Thomas 
Brown. Associate Director for Implementation; Charles Donahoe. Design Lab 
Coordinator; Carolyn Arbetter, Editor for Implementation/Evaluation; and 
Ray Brady, Editor for Development. 
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FOOTNOTES 



Cambridge Conference on the Correlation of Science and Mathematics 
in the Schools. Goahi for the Correlation of Elementary Satp.noe and 
Mathematias, Boston, Mass.: Houghton Mifflin Company, 1969, p. 6. 



DEVELOPING MATHEMATICAL PROCESSES (DflP) 



m COPY AVAILABLE 

INTRODUCTION 



Onje vhere was a yumy place to live called the Land 
of Nibble. In the Land of Nibble everything could be 
nibblad on. The candy-cane tree had delicious pepper- 
mint canee. The ice-cream bueh had 9'6 different 
flavors. The lollipop forest contained ywmy all-month 
auckera. There ina a giant cupcake on top of a rook^ 
but only the bravest people got to taste it, Popsiale 
Creek flowed through the. Land of Nibble. , . . One day 
Martin the Monstrous .*4unoh took a walk. He had a huge 
appetite and ixinted to eat everything in sight. His 
friend the Piffle Bird took a walk too. You can tell 
where each one went and what he ate by looking carefully 
at ths tracks.* 

Following the instructions in the Developing '-'jthematioat Processes 
(DMP) Guide for Level 2, the teacher has read this story to a small group 
of students who have, according to the Dt4P assessment inventory, mastered 
the necessary prerequisites for this lesson's objectives— to choose 
points and construct a path between them. The teacher shows how to draw 
the two paths on the maps in the students ' workbooks. As this group 
completes this assignment one by one, the teacher or classroom aide may 
teach another group of children working on a different lesson. 

DMP is a new program being developed by the Wisconsin Research and 
Development Center as the matnematics component of Individually Guided 
Education (IGE). The latter is a total system of education; along with 
its curricular components, It includes an organizational plan for re- 
arranging a school from self-cc,,*a1ned, graded classrooms into clusters 
of multi age-grouped children and several staff members with roles 
ranging from master teacher to student teachers and aides. IGE is an 
attempt to combine several reforms: nongraded classes, individualized 
Instruction, team teaching, "accountability," and shared decision making 
among a differentiated staff and administrators. Similarly, DMP com- 
bines several reforms; a developmental theoretical base, active- 
learning methods, objectives-based curriculum structure, and an indiv- 
idualized diagnostic/prescriptive system. 



*A11 quotations are from materials Issued by the developers or from 
conversations with developers or teachers. 
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Teachers introducing DMP in an IGE school are expected to receive 
a great deal of implementation support from the program developers and 
from district administration. Developers say the program works just 
as well in non-IGE schools, provided that teachers ^-eceive inservire 
training, additional staff, and strong administrative backing. 

Without such preparation and support a teacher ma" find the program 
unusually demanding of time and energy and perhaps ambiguous because of 
emphases on both developmental learning theory and objectives-based 
lessons. Developers comment that most non-IGE teachers with traditional 
teaching styles implement the program slowly, accepting one part at 
first (for example, the manipulative materials) and gradually adding 
other aspects. The complete program at any one level may take two to 
three years to implement fully. Teachers with successful experience 
in active-learning math and/or open-classroom teaching may have evolved 
their own ways of structuring the classroom and curriculum to respond 
to varied student needs and thus may find DMP confining. 
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BASIC INFfJRMATlOM 



:'..jray, rici'h^: Developing Matheiiid t icdl Proces^ies (DMP) 

y...:'>r;iit; Jevcl opiiieu tu 1 Edition n composed of eight levels for use In 
kinderfjarcen tiironyii sixtii grade. Number of le.'vels may differ in 
the t-Udiinerc i a I ed i ti on . 

' UMP was ouvelupud ii-^ th(f .'Mdthei'iatico coiiiponont of the lOE 

system for nongradod schonU. It i ncovpcrdtes both a sequencing of 
Defwvioral objecnvos and un active-lcarni ny approach- Manipulatives 
ave an integral part of thp pi'ograin. DMP strf?sies student assessment 
ariu groupiricj for individual i ?:ing of instruction. 

(^oiiiputation, geometry, prol)dbil ity, and statistics; all based 
on riieusurement . 

..,t.jj.<iji-j^[ ^fu." Cui'lplete kif.dergdrten thcoucjh 'iixth 9rade curriculum. 

-■ Students of al] abilities, grades K-6. Although the 

pr ogru!;* dcvelupyd for use in conjiinction w' ':h J.GI£, 1t is suitable 
for sulf-Lontained olassrootns. 

Lo'xjt^h 'jj Uai ly usy for at least one and one-hulf hours per week 

for stud'^nt'S in their firsc year of scho'.>l and two and one-half hours 
per week in latjr yoars. 

Aiaa r-ji* t^ajh-.-i-- ■.■nJ inuu-j-^tr:: Teachers reci.-lve one or two guides for 
each I'iveU and : p.ickage of I'laterials including game boards, game 
directions, story aitd picture cards, a?ses:;iiient materials, and an 
cpswer book. Studerrfc materials include consumable workbooks, non- 
consuiiiable textbooks for Lf?ve! 5 and above, teiit booklets, and a 
classroom kit of fianipulatives. 

jatr- vf :.'uhiioc.'l?..: Levels K-!?, iy74. Levels 3-4 are due to be 
published by Septfiiiiber 197f-.; Levels b-6 by jepteiTiber 1976. 

/•ii'i'^'.-c-vi'/Z/o-v.' /iib.:o<isin Research and De'/eioprnerit Center for 
Cognitive Le^Tiiinrj, Tiie Uni^'er*-ity of Wisconiiin, 1404 Regent St., 
Macii:.on, Wi:. G.V/'Jb. (.)08) •i^c*-^'}^^. 

[wA '::h-:r: SilwvS ^'cNdHy tMid Conipanv, DMP Project Customer Service, 
P. 0. Box 7bUU, Chicago, Til. 6U5oU. 



1. GOALS AND RATIONALE 



1 . 1 Goals 

OMP developers expect thot graduates of their K-6 inathematics pro- 
gram will have a cownand and understanding of the reievancp of math, 
that they will be able to perceive, pose, nnH solve mathomatical prob- 
lems based on relationships and patterns among objects and phenomena in 
their environment- -and that they will have fun doing it. Developers 
anticipate that experience working with concrete objects and witn math- 
ematical processes in OMR will prepare students to work abstractly, to 
"examine, identify the structural properties and relationships, and 
Icjically validate mathematical assertions." 

Developers see their program differing f»^om traditional programs 
in three major ways: the entire program, including not only arithmetic, 
but also geometry, probability, and statistics, is based on measurement; 
students are involved in "active" learning; and the teacher role is 
altered to stress student asses^inent and classroom organization for 
individualizing learning. 

The program intends to allow for individual progress by means of 
a scheme of objectives-based lessons and competency tests to insure that 
each child moves at his own pace and does not attempt new work until he 
has mastered its prerequisite. DMP attempts to combine an active-learning 
approach with this individualization system. (The rationale underlying 
active learning is discussed in the Nuffield and Madison Project reports 
in this book, and the rationale for objectives-based individualization 
is presented briefly in the IPI report.) The developers claim, "Not 
until DMP has a serious effort been made to incorporate this [active] 
learning approach in a carefully sequencsd, complete program of math- 
ematics instruction." 

1.2 Rationale 

DMP developers accept the rationale that children should encounter 
mathematics not as a collection of facts and rules but as a system which 
people use to solve real problems. Their brochure announces, ". . .Chil- 
dren have for too long accepted math as an isolated subject unrelated to 
other aspects of their lives. ... The program [DMP] helps the child 
understand at the outset that mathematics and the application of math- 
ematical concepts have relevance both to his own environment and to 
his everyday life." 

They chose to center the program around measurement because It 
provides relevant, everyday math activities for children. But they also 
believe a measurement approach is souna inathematically. They use measure- 
iient as the means for having children investigate the attributes of 
objects. ' ley present measurament en the praciica"! guise in which chil- 



227 



dren can apply basic thinking processes: describing and classifying, 
comparing and ordering, equalizing, joining and separating, and grouping 
and partitioning. These processes underlie the concepts and skills of 
the math curriculum in the OMP rationale. 

Following Piaget, DMP designers deem experiences with concrete 
manipulative objects essential for building children's conceptual under- 
standing of math, but they decry the haphazard use of math workshop 
materials. c<wefully chosen manipulatives , used in etn^ct-ucced activities, 
based on developmental theories are required, they say: 

DMP's activity approach to math is rather different 
from that usually found in traditional classrooms. 
It should be clear, too, that activity -centered math 
is not turning children loose to riot; nor is it 
hit-or-miss random learning, with a haphazardly con- 
ducted instructional program. In fact, just the 
opposite is true. DMP's activities are organized 
and sequenced with great care, so that skills needed 
at a certain point have already been mastered in 
prior activities. 

The central ity of the developer-designed structure differentiates 
DMP from some other programs (for instance, the Nuffield and Madison 
Projects) following an active-learning approach, which calls for the 
teacher to shape and pace lessons using the curriculum only as a guide. 
DMP uses only those math workshop materials specified in the curriculum 
and uses them only to teach specific behavioral objectives. The same 
manipulatives are used repeatedly so that mastery can be developed 
gradually, but also so that "fooling- a round time" is greatly reduced. 
Other developmental programs advise teachers to provide children with 
a great variety of naturalistic but mathematically rich materials and 
to encourage children to explore them freely, following explorations 
with generalizations and skill learning. DMP designers believe that 
teachers need the security provided by explicit directions as to 
diagnosis and prescription, and detailed lesson construction, in order 
to make experience with materials result in demonstrable skills and 
sound ideas. 

The commitment to teacher security and to "accountability" (which 
is a hallmark of IGE) appears to be the source of DMP's reliance on 
behavioral objectives. Writing such "competency-based" goals for 
instruction in advance, as measures of student and teacher performance, 
does not necessarily connote belief in behaviorist learning theory. 
Behavioral statements can be seen simply as ways to make learning goals 
clear and public. In practice, however, behavioral objectives do tend 
to shape and pace a program in advance. They may pose questions for 
thoughtful teachers as to how to reconcile the need to respond to 
children's idiosyncratic, developing learning with the need to meet 
present objectives. 
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2. CONTENT AND MATERIALS 



2.1 Content Focus 

Developing Mathematical Processes is to be e complete matheiriatics 
program for kindergarten through sixth grade. The developmental edition 
contains books for eight levels. Although the developers advocate 
flexibility in assigning levels to specific grades, there is an approxi- 
mate correlation: Level 1 is for kindergarten; Level 2 and part of 
Level 3--first grade; part of Level 3 and all of Level 4--secGnd grade; 
Level 5— third grade; Level 6— fourth grade; Level /--fifth grade; and 
Level 8--sixth grade. 

A major deviation from standard programs is that in the early grades 
the concepts of number and mathematical sentences are presented as ways 
to represent measurement situations. Thus equals ("=") is used to repre- 
sent "weighs the same as," "is the same height as," "has the same area 
as," "holds the same amount as," in addition to the usual interpretation, 
"is the same number as." Consequently, although the content is primarily 
arithmetic, there is an unusually heavy emphasis on measurement, with 
both metric and English units being used. There is also some geometry 
at each level, dnd statistical procedures are introduced for grades 4 
through 6. Developers specifically rejected set theory, believing it 
inappropriate for young children, and preferring the concept of measure- 
ment as a basis for arithmetic. 

Physical objects are used to introduce new topics (for instance, 
a balance for equality and Inequality, shapes for angle nieasurement, and 
toothpicks and rubber bands for place value). Childran are trained to 
use the objects as models for the mathematical topics. In addition to 
physical objects, poems and stories are used to introduce concepts and 
to pose problems. Developers valued the topics presented in previous 
active- learning curricula, but sought to develop the basic ideas in 
greater detail . 

OMP presents problem solving in mathematics as the application of 
basic thinking orocesses to attributes of objects. The basic processes, 
adapted from those conceived by the Science--A Process Approach program, 
are describing and classifying, comparing and ordering, equalizing, 
joining and separating, and grouping and partitionini]. The process of 
dej'fpibiny ani Aunaifying is taught throughout the curriculum in activi- 
ties like counting, describing shapes, using units to measure weight, 
describing location by coordinates, using fractions to describe areas, 
organizing data by means of a graph, interpreting two-thirds as two 
divided by three, and using negative numbers to represent movements. 
Corrii^aHng and or>d^ring are appl ied to attributes of length, time, weight, 
capacity, area, angles, whole numbers, fractions, and decimals. 
E'-niullzir^ is the process of adding or subtracting pairs of weights, 
lengths, and numbers. In geometry, areas and angles are Join'.u 2nd 
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separatedi the arithmetic operations of addition and subtraction are 
taught as abstractions of the same processes. Similarly, the operations 
of multiplication and division are symbolic representations of the pro- 
cess of grouping and partitioning. 

Two other processes In the program, representation and validation, 
are special processes which aid problem solving In conjunction with the 
basic ones. Repreeentation Is the process by which concrete attributes 
are expressed gradually In more abstract ways. Thus, the attribute of 
length can first be represented physically by a piece of string, pic- 
torial ly by a graph, and finally symbolically using units such as 
centimeters. All of the attributes and processes are first Introduced 
concretely through physical representation, then through pictorial 
representation, and finally symbolically. DMP stresses that children 
should validate their statements; In particular, they should validate 
arithmetic solutions. 

2.2 Content and Organization of the Subdivisions 

Each of the 8 levels Is divided Into topics (there are 96 topics 
In the Developmental Edition— the number may vary In the final edition). 
The 11 topics which comprise Level 2, Developmental Edition, are listed 
below with a summary of the content In each topic: 



TOPIC 2.1 TWO-OIMENSIONAL SHAPE 

The child learns to describe and classify regions 
(including faces of solids) on the attribute of 
shape. 

TOPIC 2.2 COMPARING AND OROERIMG ON WEIGHT 

The child directly compares and orders real objects 
on weight using a balance beaa. 

TOPIC 2.3 WRITING NUMBERS 

The child learns to write the numbers 0-10 and 
practices writing them in a variety of situations. 

TOPIC 2.4 COMPARING AND ORDERING EVENTS ON TIME 

The child compares and orders events on time of 
duration and time of occurrence. 

TOPIC 2.5 ASSIGNING MEASUREMENTS 

Th.c child uses arbitrary units to represent lengths 
or weights of objects and he assigns a number and 
unit. Then he compares and orders objects using 
the»c measurements. 
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TOPIC 2.6 



PATHS 



The child describes closed parho In tents of number 

and Unigth of sides (triangle, rectangle) and square)* 

He Is Introduced to the geuboard as a simple way to 
make paths* 

TOPIC 2.7 COMPARISON SEHTENCES 

The riflatlonshlp between two sets or two objects 
(on a given attribute) is rcpresiuted by a sen- 
tence Involving « or # (for exanplt*: 5 / 7, 6 » 6, 
A # B). The process of validating Is introduced* 

TOPIC 2*8 COMPARING AND OROCRING ON CAPACITY 

The child directly compares and orders the capac-> 
itlos of various containers by pouring from one 
to another* Also he learns to represent the ca- 
pacity of a given container with arbitrary units 
and he assigns a measurement* 

TOPIC 2*9 ORDER SENTENCES 

The relationship between two sets or two objects 
(on a given attribute) is examined further. Now 
the child not only decides if the two are equal* 
but also* if they are not equal, he decides which 
is larger an::! writes an order sentence (for ex^ 
atsple: 5 < 7, 6 » 6, A > 3) * The child also 
learns to validate given order sentences* • 

TOPIC 2*10 MOVtiMENT AND DIRECTION 

Simple niaps are examined here* The children follow 
simple oral or written directions involvinf. movc- 
mant on a given path or between given points* 
They also learn to give such directions. 

TOPIC 2*11 THE N1."MBEKS 0-^20 

The numbers 11~20 are introduced as representing 
the runerousness of sets of that many members* 
The children l4*arn to recognize and to write these 
numbers and to count such sets* The numbers 0-10 
are reviewed* 

Within each topic are several "activities" designed to teach specific 
behavioral objectives. (Additional activities within the topic are 
designed to review previously learned skills and to prepare for future 
topics.) As an examplei the behavioral objectives for Topic 2.9 are: 

1. Given an order sentence^ reads it. (reads order sentence) 

2. Given two objects or setSt chooses an appropriate order 
sentence, (chooses order sentence) 
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3. Given two objects or sets, writes an appropriate order 
sentence, (writes order sentence) 



4. Given an order sentence, validates it physically or 
pictorial ly. (validates order sentence) 



5. 



Given an open order sentence, completes it. (completes 
open order sentence) 



There are 14 "activities," or daily lessons, under this topic. Six of 
the activities are classified as regular, 3 activities are optional, and 
5 serve as alternative ways to teach 2 lessons. Each activity is 
explained to the teacher in terms of the materials needed, vocabulary 
to be introduced, behavioral objectives to be reinforced, the type or 
classroom organization required for each sequence within the activity, 
and teacher preparation. 

The program specifies the order in which topics are to be taught. 
There is some choice the teacher can make regarding order; for Instance, 
in most cases the geometry topics are independent of the arithmetical 
ones. All children in the class cover the same content; however, 
optional and alternative activities are included. The teacher can use 
these optional activities instead of regular ones if she thinks them 
preferable for the whole class. 

The chart below shows the suggested sequencing for Level 2. If 
one topic is to the left of another and an arrow connects them, then 
mastery of the objectives under the left-most topic Is prerequisite to 
the mastery of those under the one on the right. 

TCPIC SbQVL'ICE CHA?.T 
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Activities within topics are also carefully sequencedt as this 
diagram illustrates: 



2.5.10 



2.5.9 



H H 

=3 C 



1^ ' r-J 



2.5.5 




, 2.S.3* 



*: an activity that 
contain* una or 
■ore additional 
suggeatlonB for 
your uaa 

R: .;r. activity that 
reviewa an objac- 
ti\ : llatad in a 
praviout topic 



Developers explain: 

Activities at a lower level on the diagram are usually 
prerequisite to those at a higher level. If there is 
only one activity at a level, all children working on 
the o!>jectives should engage in that activity. If 
there is more than one, they are alternate activities 
and you may choose to do either or both. 

2.3 Materials Provided 

Student . There are several consumable notebooks for each level, 
as well as nonconsumable student textbooks for Level 5 and above. Con- 
sumable student test booklets include a Placement Inventory for each 
level and Topic Inventories for each topic within a level. A class- 
room materials kit containing most^v nonconsumable items is also avail- 
able. Items Include: adding machine tape, balance beams, counting 
chips, blank dice, geoboards, rubber bands, toothpicks, Unifex cubes, 
and washers. 
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Teacher . The Teachers' Guide 1s thought by t.je developers to be 
the most important piece of material in the package. There is one guide 
and sometiiTies two for each level. The guides contain both assessment 
and activity suggestions as well as sequencing options. In addition to 
the guide, the teacher gets a package of materials including game boards, 
game directions, cards for station rictivities, story cards, and picture 
cards. The package also contains assessment materials. An answer book 
to students' workbooks is available. 

2.4 Materials Not Provided 

A great number of physical materials which teachers may or may not 
have in the classroom are not included but are needed for many activities. 
These materials include: buckets, cups, funnels, play money, rice, 
tongue depressors, bottles, cans, tops, clay, paint, ditto masters, and 
felt-tip pens. 



3. CLASSROOM ACTION 



3.1 Teaching-Learning Strate gy 

The typical OMP activity is begun by the teacher either leading 
the children in a discussion or demonstrating a problem- solving strategy. 
This usually takes place in a large group, though sometimes the teacher 
Introduces materials to smaller groups. Next the children work in 
groups or individually at structured tasks, either with physical objects 
or workbook pages. 

The children are sometimes asked to make predictions or to invent 
stories which model mathematical statements, but in general they work 
at answering questions posed in the book in a prescribed way. Teachers 
can choose to substitute optional lessons or ones they invent themselves 
for regular ones, and children can choose which material they use for 
validation, but most activities and materials are specified in the OMR 
Teachers' Guide. 

The teacher is asked to determine which children are meeting the 
behavioral objectives and to provide special activities for those chil- 
dren who have not yet mastered them. The objectives have been set out 
by the OMP developers to move from a concrete to a symbolic level. Thus, 
when a child has advanced to an objective on the symbolic level, the 
teacher is instructed to discourage him from returning to physical 
objects. 

Developers have established a series of 24 behavioral objectives 
to provide a basis on which teachers can evaluate their own performance. 
(They were originally designed to evaluate the effectiveness of inser- 
vlce training and are included at the end of Section 5.3, Evaluation 
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Results.) These objectives help Illustrate some of the differences 
between OMP and traditional mathematics programs. Some of the objectives 
suggest the active-learning element of DMP: "The teacher moves from 
group to group, acting as a resource person," "The teacher allows 
students to move purposefully about the room," and "The teacher allows 
students to Interact verbally while working." Other objectives show 
the emphasis which DMP developers place on aBseaement', "Using appro- 
priate Instruments, the teacher assesses students and completes records," 
and "The teacher states the roles of placement and topic Inventories." 
Too, the objectives Illustrate the role of the teacher as manager of 
individualized inairuation: "On the basis of Information gathered, the 
teacher forms Instructional groups based c*- dchlevement," "When presented 
with a student who has not mastered an objective, the teacher can choose 
an activity that will help the student," and "When given Information on 
student achievement, the teacher classifies students on the basis of 
prerequisite behaviors needed to start a new topic." 

3.2 Typical Lesson 

The objectives cf Activity 2.5.8®, a lesson giving students practice 
In comparing and ordering weight measurements by graphing, are to teach 
students to represent weight physically, to assign with measurement, 
and to use weight measurements to compare and order. Before the lesson 
the teacher prepares a set of four cartons for each group of four chil- 
dren in the class. Each carton is filled with objects which weigh the 
equivalent of one to ten small washers and each is labeled A, B, C, or 0 
inside of the lid. Each group of four cartons is marked with the same 
color for easy identification. 

At the outset of this activity the students are divided into groups 
of four; each group is given a piece of graph paper, four cartons, 
crayons, a balance beam, and ten small washers. Students label columns 
on the graph paper A, B, C, D. Each student weighs one carton with small 
washers on the balance beam, lifts the lid to view the letter, and 
records the carton weight by drawing washers in the appropriate column. 
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After all groups have finished weighing their four cartons, both graphs 
and cartons are traded with another group and students are instructed 
to find the letter for each new carton without lookinq Insidt the lid. 
The Teachers' Guide states: "They do this by choosing one of the 
cartons, weighing it with small washers on the balance beaiti and then 
finding the bar on the graph that corresponds to the weight of the 
carton." It is unclear whether the teacher tells the students that 
they should do this. (If she does not, there is a likelihood that 
students will determine the appropriate order through alternative methods 
like simply lifting them to determine which is heavier.) Children 
validate their own answers by lifting the carton lids. 

At the conclusion of the lesson the teacher is directed to discuss 
the graphs with the children. Students are to use their graphs to 
answer questions such as the following: "Which carton is the heaviest?", 
"Which carton is the lightest?", "Are any two cartons the same weight?", 
"How many washers did carton A weigh?" Teachers are also Instructed to 
discuss ordering the weights for the cartons from heaviest to lightest 
and vice versa. 

The interaction afforded by group work is thought to be essential 
by the developers. Although students do not move on to new work until 
they have mastered the prerequisite skills, DMP is not Intended to be 
used as a completely individualized program with each child working at 
a separate pace. In at least the first year of Implementation a teacher 
may have difficulty managing OMR in a classroom where children are not 
grouped according to mathematical ability because she may have to pre- 
pare and teach two or more different activities every day. Where chil- 
dren do differ greatly, it may be practical for the teacher to try DMP 
with only cne group within the classroom. 

3.3 Evaluati on of Students 

DMP Judges student suricess by mastery of the stated behavioral 
objectives. Tlie Teachers' Guide advises teachers to observe children's 
behavior to see if they are mastering the topic objectives. Some of 
the objectives are assessed solely through such classroom observations 
rather than by means of paper-and-pencil tests. 

Group and sometimes Individually administered tests (Topic Inven- 
tories) are used to assess many of the objectives. These tests are pro- 
vided by DMP and closely resemble the workbook pages for the related 
topic. The teacher is provided with a form to rate each child's perfor- 
mance on the topic test. The teacher indicates the number of correct 
responses and then refers to a chart which determines whetlier the child 
is to receive a rating of M (mastery), P (making progress), or N (needs 
considerable help) for each behavioral objective. Children are not to 
proceed to a topic for which the specific objective is requisitt if 
they have an N rating on that objective. 
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Teachers are provided with both individual progress sheets and 
group record cards on which students' performance on each objective can 
be recorded. In addition to the assessments for students' nuistery. 
Placement Inventories are provided for e.ich grade to determine which 
level students should be using and which topics they have already 
mastered. Results of the Placement Inventory can be used to group 
students if the teacher wants to have students working on different 
topics. 

3.4 Qut-of-Class Preparation 

Teacher . Although teachers sometimes can choose an activity which 
takes less preparation, almost every activity Involves the collection 
and setting out of materials; many require the preparation of special 
materials. In addition, the teacher must read and work through the 
day's activity in the Teachers' Guide. Naturally the amount of prepara- 
tion that is required is multiplied if the teacher has grouped students 
to be working on different topics. 

Student . Student homework assignments have not been written Into 
the DMP program. 

3.5 Role of Other Classroom Personnel 

Teacher aides . Teacher aides are very Important to the DMP pro- 
gram ;Tfrfact~tHiy are probably essential in the first year of Implementa- 
tion. Not only are they needed to help prepare and gather materials, 
but they help the teachers assess children's mastery of the objectives 
by direct observation. 

Advisor . Developers suggest that, whenever possible, a DMP local 
coordinator be appointed to assist teachers with implementation. The 
coordinator should be available to answer teacher questions, to provide 
Inservlce training, and to give demonstration lessons. In schools using 
IGE, the "unit leader" may serve as DMP coordinator. Developers antici- 
pate that the last levels (grades 5 and 6) will be released In 1976. 
Until that time, schools will not be able to implement the program at 
all grade levels, and so developers suggest that districts should pro- 
vide a coordinator for several years, throughout the initial adoption 
period. After 1976, they say, a coordinator may only be required for 
the initial implementation year. 



4. IMPLEMENTATION: REQUIREMENTS AND COSTS 



4. 1 School Facilities and Arrangements 

Most classrooms are physically suitable for DMP implementation. 
It Is important that there be tables or movable desks so that the children 
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Coin work in groups with physical objects. Ample storage for the materials 
is needed within the classroom. 

jMH vvas developed as a part of IGE, a system that calls for differ- 
entiated staff inq to work with students of varying ages and abilities 
and to perform different instructional tasks. Developers believe that 
teachers adapt the p»-ogram successfully for use in self-contriined class- 
rooms, Accordiny to Project Coordinator James Moser, most of the 
teachers wno used the program in 1973-74 were not in IGE schools. 

However, successful implementation requires that *iiany of the ele- 
ments that are part of IGE exist in any school using DMP; the program 
works best when several teachers in a school are using it, when there 
is strong administrative support, teacher aides, inservice training, 
alternative means of evaluating achievement, and a math coordinator. 
Because the program demands a great deal of teacher time, developers also 
advocate a preparation period for teachers. 

^•2 S tudent Pre requisites 

There are no special student prerequisites for DMP. Students begin 
the program according to their performance on Placsinent Inventories. If 
students within a class differ widely in ability, teachers can begin 
using DMP with only one group of students. Student progress Is guided 
by assessiiient instruments provided to the teacher-. 

4 . 3 Tea cher Prerequisites 

Although no special subject matter background Is required to teach 
DMP, special training in both mathematical content and implementation of 
the program is highly reconinended. It is questionable whether the 
ordinary traditional t^.acher can orchestrate assessments, lessons in 
differentiated groups, manipulative materials, and workbooks unless she 
has had intensive inservice training and advisory help in the classroom. 
It may be necessary for a traditional teacher to see a master teacher 
using the materiaU and lessons with children, in order to grasp the 
developmental intent of the program. The teacher whose training and 
experience are tntiraly traditional may tend to focus on the sequence 
of behavioral objectives and to use the manipulatlves to train for 
"competency" instead of focussing on the learning e^icricnaeBs elabo- 
rated by work with apparatus, which children gradually transform into 
mental concepts. The traditional teach-sr with insufficient inservice 
might also omit the enrichment ideas (which seem to offer the most 
creative exp^^riences to children) and require all children to do the 
same lesson at the same time. 

u2VGkpc2rs thi-mscilves do not expect that most teachers will be 
ablj to implement a full DMP program during the first year. A teacher 
niay concentrate on making assessments of students by watching their 
activities rather t;.:.n by tests, or on teaching to small groups during 
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the first year, adding other aspects of the program later. Full Imple- 
mentation may take two or three years, according to Project Coordinator 
Jim Moser. 

Three-day Inservlce workshops are available for school district 
personnel and college professors who have been designated as local DMP 
coordinators in various parts of the United States. DMP publishers. 
Rand McNally and Company, cover the costs of the Inservlce workshops as 
well as travel expenses. The workshops prepare the local coordinators 
to provide Inservlce for teachers. DMP Is currently developing pamphlets, 
films, and tapes which the coordinators can use to train local teachers. 

The usual pattern of inservlce training for teachers Includes a 
college course of varying length or two days of inservlce workshops 
before the school year begins. During the school year, biweekly after- 
school follow-up sessions are recommended for teachers and DMP coordina- 
tors . .'ewer sessions are recommended for the second semester of imple- 
mentation. 

For information regarding coordinators and coordinator training 
sessions contact: Mary Montgomery, Wisconsin Research and Development 
Center for Cognitive Learning, 1025 W. Johnson St., Madison, Wis. 53706. 

4.4 Background and Training of Other Classroom Personnel 

Teacher aides . Teacher aides should be present at the same inser- 
vlce sessions as teachers. See Section 4.3. 

Administration . The DMP developers recommend that principals 
attend inservlce meetings with teachers. See Section 4.3. 

Adviso rs. See Section 4.3 for inservlce information for local 
HMP coordinators. 
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4.6 Demonstration Sites 

The following is a partial list of DMP users. Including both I6E 
and non-IGE schools. 

California: Dickson School 

Compton, Ca. 

Stipe School 
San Jose, Ca. 

Highlands School 
San Mateo, Ca. 

Colorado: Sun Valley School 

LakeMood, Colo. 

Connecticut: Mill Road School 

New Haven, Conn. 

Illinois: Carrie Busey School 

Champaign, 111. 

Indiana: Walt Disney School 

Mishawaka, Ind. 

Iowa: Hoover School 

Dubuque, Iowa 

Maryland: Kensington School 

Kensington, Md. 

Nebraska: Oakdale School 

Omaha, Neb. 

New York: St. Mary's 

Dunkirk, N.Y. 

Denton Avenue School 
New Hyde Park, N.Y. 

Ohio: Green Valley School 

Parma, Ohio 

Pennsylvania: Union Terrace School 

Allentown, Pa. 
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5. PROGRAM DEVELOPMENT AND EVALUATION 



5,1 Program Development 

DMP is one component in the Individually Guided Education (IGE) 
program under development since 1964 by the Wisconsin Research and 
Development Center for Cognitive Learning. The Wisconsin IGE model 
(there is also a similar plan called IGE disseminated by /I/D/E/A) is 
a total system of education including an organizational scheme, staff 
training, and curricula. The organizational plan, called "multiunit 
school," is an alternative to a school of traditional, self-contained 
classrooms. Instead, students in a three- to four-year age span are 
grouped in nongraded clusters of 100 to 150. Within each cluster, 
8 or 9 adults (including a lead teacher, 3 or 4 staff teachers, 1 
teacher aide, 1 instructional secretary, and 1 intern) are responsible 
for planning, carrying out, and evaluating each child's instructional 
program. School goals are defined by an instructional improvement 
committee that includes unit leaders and the building principal. 

Although changing the school organization is the core of IGE, 
Wisconsin also sees need for individualized curriculum materials. In 
addition to DMP, the Center has developed a reading program to be used 
as a part of IGE. The reading program is a compendium of suggestions 
for teachers to use portions of other available reading programs. 

At the same time as the multiunit model was being tried, researchers 
at the Wisconsin R&D Center were investigating processes of instruction 
in math. Finding no curricula that they deemed adequate for elementary 
children, in light of new knowledge about how children develop mathematical 
concepts, the math research group decided to design its own program. 
When the Center administration decided that its curriculum programs 
should serve IGE, the math research group became an integral part of IGE. 
The strategy for individualization in IGE is based on behavioral objec- 
tives. The DMP staff began its curriculum design by delineating objec- 
tives in mathematics and then sequencing these objectives using models 
developed by other educators. In 1971, after competitive bidding. Rand 
McNally was selected as publisher for DMP. Rand McNally assisted with 
field testing and implementation of K-1 materials during 1971-72 in IGE 
and non-IGE schools. Nationwide field tests were conducted in 972-73 
and 1973-74. The first K-2 commercial editions were published In 1974; 
editions for grades 3 and 4 are scheduled for publication in 1975; the 
5-6 editions for 1976. 

5,2 Developer's Evaluation 

A field test of the first two levels of DMP was conducted in 8 
schools in 1971-72; 41 teachers and 1,500 students were included in the 
study. Four of the schools had conventional organization and were 
located in large urban areas (Milwaukee and Chicago). The other four 
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schools were IGE schools In Wisconsin cities (Milwaukee, Green Bay, 
Sparta, and Galesvllle). 

"The purpose of the field test was (a) to determine the effective- 
ness of the Instructional program In terms of student achievement, (b) 
to gauge the impact of an Inservice program on teacher performance, and 
(c) to document the usability of the program." 

Student mastery of the DMP behavioral objectives was determined at 
three times during the year. Classes were randomly selected and visited 
at these times to see what proportion of students had met specific objec- 
tives. This was determined by administering program tests and by the 
teachers' rating of students on Topic Inventories and teacher observa- 
tion schedules. 

In order to evaluate the success of Inservice training, teachers 
were observed biweekly by coordinators, who filled In an observation 
schedule at each visit. The observation schedule allowed developers to 
rate teachers on 24 specific performance objectives. In addition, 
teachers completed a questionnaire and were Interviewed. 

5.3 Evaluation Results 

Student mastery Is defined to be a rating of M (mastery) on at least 
80 percent of the objectives and a rating of P (making progress) on the 
rest. The table below shows the results of this evaluation: 

Percentage of Students Attaining 
the Specified Mastery Level* 



School Type 


K 


Grade 1 


Mean 


Urban 


82 


43 


63 


Nonurban 


75 


81 


78 


Mean 


78 


62 


70 



*M ratings on 80 percent of the objectives; P ratings on 
the remaining objectives. 



The developers attribute the relatively low levels of mastery to 
the early stage of the development of instructional and assessment 
materials. 
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Teachers were rated on 24 performance objectives, A teacher was 
said to have mastered an objective if she was observed exhibiting it 
75 percent of the time. The following table shows the percent of 
teachers who achieved mastery of the objectives. 

DMP TEACHER PERFCKWAMCF, OB!r..mVXS 
AND PERCENTAGE OF TEACHLK MA:TERY 



Obltctive ^•fc^nt^^e 



^ I Tha teacher chooses activities th^t help 5,iuaea:3 achieve the objectives . 92 
i of OMP. 

2 The teacher provides the printed, n^arilp^lef.ve, or clhei materials needed 95 

1 (or the activity. 

' 3 The teacher identifies the problem or the cbj.iCtlve of the activlt/, 95 
providing an approp:i>ite focus. 
4 During the opening or closing of an activity, the t acher slates the 47 
C relationship o! the .icu v.ty to previous work. 

•2^ S During the opening an activity, th-* teacher explains the activity 89 

clearly and m a well-ofijani^ed manner. 
U 6 During the closlna ol an activity, tha teacher displays a.ii discusses 50 
tS* student work . 

12 (9Sl^ 

7 The teacher uses student ideas, 
g* 8 The teacr.tr aoes not r.eaatlvely criticize a student's woric. UOO) 
^5 9 The teacher responds to student statements by asking for validation 63 

or Justification of the nathematicdl ideas expressed. 
Z 10 The teacher asks questions and leads discu3s;on, rather than lecturing. 92 
H II <^lven an activity that re:?uires students to work Individually, In pairs, . 95 
j etc. , the teacher organises tae students. 

12 The teacher moves from group to group, acting as a resourc« person. 35 
I 13 The teacher allows students to move purposefully ebout the room. 95 
j 14 The teacher allows studanta to interact verbally while working. 95 
j 1& The teacher arranges fumisnings and materials as recommended. 95 
j . 1« The teacher demonstrates mastery of the D.MP objectives being studied 92 
I by the students. 

[ 17 The teacher doscrtoec the mathematical processes being used. 58 

IS Using appropriate instruments, tht teacher assesses students and ?! W) 

completes records. 

19 The teacher states the roles of placement and topic inventorlee. 66 (65) 

20 On the basis of inforrritlon gathered, the teacher fonns Instructional 58 
groups ba<;e3'i '-'n achievement. 

21 When prese.iieti with a studcni who has no* mastered an objective, the 39 
teacher can choose an activity that will help the s.Jdent 

2 22 The teacher redirects individual students when they finish. 

23 When given information on student achievement, thj teacher classifies 55 
students on the basis of prerequisite behaviors needed to start a new topic. 

24 The teacher identifies the various options that are made available in each 58 (80) 
topic of the Teacher's Guide. 



c 
o 



a 

4/X 



c 
o 



♦Numbers In parentheses indicate j-ercent^gc of nonurban teachers where appreciably different. 
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Evaluators conclude that the inservlce training was effective in 
helping teachers implement its activity approach to learning; participating 
teachers reached the criterion level on 13 of the 17 objectives related 
to providing instruction (instructional materials used by the teacher, 
the teacher's verbal behavior, the classroom organization, and the 
teacher's knowledge of mathematics). The program was not judged success- 
ful in training teachers to manage DMP instruction to provide for indi- 
vidual student differences. None of the non-IGE teachers attained the 
criterion level on objectives relating to managing instruction; IGE 
teachers reached the criterion level for only 3 of the 7 objectives. 
It was expected that IGE teachers would perform better than non-IGE 
on these objectives both because they had received previous exposure 
to use of assessment and management information during IGE inservice and 
because they taught in schools where arrangements had been made for 
student grouping. IGE teachers also did a better job of using student 
ideas (Objective 7), and they criticized student cont«-ibutions less fre- 
quently (Objective 8) than did non-IGE teachers. 

Developers caution that one should not draw definitive conclusions 
from this study because of the sm^^ sample size. Information gathered 
from nearly one hundred schools during 1973 suggests that DMP works as 
well, and sometimes better, in non-IGE schools. A formal analysis of 
\.^e data has not been published. Future evaluation plans call for com- 
i.^rative evaluation of DM? students and those learning through other math 
programs. 

Data gathered from teachers, questionnaires and interviews indicate 
that bot! teachers and students were enthusiastic about the program 
even though "the program cannot be implemented. . .without an expendi- 
ture of faculty effort and staff re-jources which goes beyond the con- 
ventional elementary mathematics program." 

5.4 Independent Analyses of the Program 

No independent review exists of the DMP program at this time. 
Observation of several classroom teachers who were trying DMP for the 
first time, and who were receiving no in-school advisory help, led 
observers to speculate that in order to use DMP successfully, teachers 
need previous experience or background in developmental leorning theory, 
active-learning math or sc-ience, or open classroom teacning. (However, 
if teachers already have such prerequisites, they ma:' '"in^l this program 
too constricting.) 

Those teachers observed stressed the workbook exercises, and their 
approach to manipulatives was that students could use materials only in 
the prescribed, teacher-demonstrated way to answer the teacher's questions. 
Experimentation with materials was discouragtcr. One teacher said she 
doesn't allow students to touch the materials before she explains their 
use, since "it would get too chaotic." 
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The teachers were using the standard state texts in conjunction with 
the OMP materials in order to prepare students for state achievement tests. 
Consequently, the students were working at very advanced symbolic levels 
before they had had the concrete experiences which DMP intends to be 
prerequisite. However, the teachers conmented that students enjoyed the 
work with DMP much more than they enjoyed the work in the texts. 

5.5 Project Funding 

The development of DMP was funded by a grant from the U.S. Office 
of Education, Department of Health, Education, and Welfare, augmented 
with funds from the National Institute of Education and the National 
Science Foundation. 

5.6 Project Staff 

DMP was developed by the staff of the Analysis of Mathematical 
Instruction Project at the Wisconsin Research and Development Center 
for Cognitive Learning as part of the IGE program. Principal Investi- 
gators were Thomas A. Romberg and John G. Harvey, Project Coordinator 
is James M. Moser, and Implementation Coordinator Is Mary E. Montgomery. 
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